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(54) HYDROGEN STORAGE ALLOY AND SECONDARY BATTERY 

(57)Abstract: 

PROBLEM TO BE SOLVED: To increase the flatness characteristic of equilibrium pressure at 
the occlusion and release of hydrogen and also to reduce pressure difference by providing a 
specific composition consisting of Mg, La, two or more kinds among rare earth elements 
including Y, Ni, Co, and one or more elements selected from among Mn and other twelve 
elements. 

SOLUTION: The hydrogen storage alloy has a composition represented by general formula 
Mg(La1-bR1b)1-aNiXCoYM1Z [where R1 means two or more elements selected from rare 
earth elements including Y and Ce content based on the total content of R1 and La is 
regulated to <20 wt.%; M1 means one or more elements selected from Mn, Fe, V, Cr, Nb, Al, 
Ga, Zn, Sn, Cu, Si, P, and B; and 0.15<a<0.35, 0.55<b<0.95, Q<Y<1.5, 0<Z<0.2 and 
2.9<X+Y+Z<3.5 are satisfied]. Because the secondary battery having a cathode containing 
this alloy can maintain high working voltage over a long period at electric discharge, discharge 
capacitance and charge-and-discharge cycle life can be improved. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The hydrogen storing metal alloy characterized by having the presentation expressed with the 
following general formula (1). 
Mga(Lal-bRlb)l-aNiXCoYMlZ - (1) 

However, Rl is at least two kinds of elements chosen from the rare earth elements containing Y. And Ce 
content to said Rl and said total amount of La is less than 20 % of the weight. At least one kind of 
element with which Ml is chosen from Mn, Fe, V, Cr, Nb, aluminum, Ga, Zn, Sn, Cu, Si, P, and B, 
Atomic ratios a, b, X, Y, and Z are specified as 0.1 5< a<0.35, 0.55<=b<=0.95, 0<=Y<=1 .5, 0<=Z<=0.2, 
and 2.9<X+Y+Z<3.5, respectively. 

[Claim 2] The rechargeable battery characterized by having the separator infixed between the positive 
electrode, the negative electrode containing the hydrogen storing metal alloy which has the presentation 
expressed with the following general formula (1), and said positive electrode and said negative 
electrode, and the alkali electrolytic solution. 
Mga(Lal-bRlb)l-aNiXCoYMlZ (1) 

However, Rl is at least two kinds of elements chosen from the rare earth elements containing Y. And Ce 
content to said Rl and said total amount of La is less than 20 % of the weight. At least one kind of 
element with which Ml is chosen from Mn, Fe, V, Cr, Nb, aluminum, Ga, Zn, Sn, Cu, Si, P, and B, 
Atomic ratios a, b, X, Y, and Z are specified as 0.15< a<0.35, 0.55<=b<=0.95, 0<=Y<=1.5, 0<=Z<=0.2, 
and 2.9<X+Y+Z<3.5, respectively. 

[Claim 3] The hydrogen storing metal alloy characterized by having the presentation expressed with the 
following general formula (2). 
MgaR21-a-bTl bNiZ-X-YAlXM2Y - (2) 

However, R2 is at least one kind of element chosen from the rare earth elements containing Y. And at 
least one kind of element with which La content is less than 55 % of the weight, and Tl is chosen from 
calcium, Ti, Zr, Hf, Li, Na, K, Rb, Cs, Sr, and Ba, At least one kind of element with which M2 is chosen 
from Co, Mn, Fe, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P, and S, Atomic ratios a, b, X, Y, and Z 
are specified as 0.1<=a<0.3, 0<=b<=0.3, 0.2< X<0.7, 0.1<=Y<=3.0, and 3.25<=Z<=4.5, respectively. 
[Claim 4] The rechargeable battery characterized by having the separator infixed between the positive 
electrode, the negative electrode containing the hydrogen storing metal alloy which has the presentation 
expressed with the following general formula (2), and said positive electrode and said negative 
electrode, and the alkali electrolytic solution. 
MgaR21-a-bTl bNiZ-X-YAlXM2Y - (2) 

However, R2 is at least one kind of element chosen from the rare earth elements containing Y. And at 
least one kind of element with which La content is less than 55 % of the weight, and Tl is chosen from 
calcium, Ti, Zr, Hf, Li, Na, K, Rb, Cs, Sr, and Ba, At least one kind of element with which M2 is chosen 
from Co, Mn, Fe, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P, and S, Atomic ratios a, b, X, Y, and Z 
are specified as 0.1<=a<0.3, 0<=b<=0.3, 0.2< X<0.7, 0.1<=Y<=3.0, and 3.25<=Z<=4.5, respectively. 
[Claim 5] The hydrogen storing metal alloy characterized by having the presentation expressed with the 
following general formula (3), and 70% or more of fields whose Mg concentration per unit area is 0.5 to 
2 twice the average existing in a cross section. 
MgaR31-a-bT2bNiZ-XM3X - (3) 

However, R3 is at least one kind of element chosen from the rare earth elements containing Y. At least 
one kind of element with which T2 is chosen from calcium, Ti, Zr, and Hf, At least one kind of element 
with which M3 is chosen from Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, Li, 
P, and S, Atomic ratios a, b, X, and Z are specified as 0.2<=a<=0.35, 0<=b<=0.3, 0< X<=2.0, and 
3<=Z<=3.8, respectively. 

[Claim 6] The rechargeable battery characterized by having the separator infixed between the negative 
electrode containing the hydrogen storing metal alloy with which it has the presentation expressed in the 
following general formula (3) as a positive electrode, and 70% or more of fields whose Mg 
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concentration per unit area is 0.5 to 2 twice the average exists in a cross section, and said positive 
electrode and said negative electrode, and the alkali electrolytic solution. 
MgaR3 1 -a-bT2bNiZ-XM3X (3) 

However, R3 is at least one kind of element chosen from the rare earth elements containing Y. At least 
one kind of element with which T2 is chosen from calcium, Ti, Zr, and Hf, At least one kind of element 
with which M3 is chosen from Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, Li, 
P, and S, Atomic ratios a, b, X, and Z are specified as 0.2<=a<=0.35, 0<=b<=0.3, 0< X<=2.0, and 
3<=Z<=3.8, respectively. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to a hydrogen storing metal alloy and a rechargeable 

battery. 

[0002] 

Pescription of the Prior Art] A hydrogen storing metal alloy is an alloy which can store the hydrogen as 
an energy source safely and easily, and attracts attention very much as new energy conversion and a 
storage ingredient. The applicable field of the hydrogen storing metal alloy as high-performance 
material covers large areas, such as a catalyst in the cell and synthetic chemistry which used storage and 
transportation of hydrogen, storage and transportation of heat, conversion of heat-mechanical energy, 
separation and purification of hydrogen, separation of a hydrogen isotope, and hydrogen as the active 
material, and a temperature sensor, and is proposed. Application and utilization to a metallic oxide and a 
hydrogen rechargeable battery are performed briskly, and research and development which aimed at 
high-capacity-izing and reinforcement are especially furthered. 

[0003] By the way, practical use is presented with the AB5 mold rare earth-nickel system intermetallic 
compound as a hydrogen storing metal alloy. Moreover, many rare earth-nickel system intermetallic 
compounds exist besides AB5 mold. In Mat.Res.Bull, and 1 1 and 1241 (1976), they are rare earth 
elements AB5 The intermetallic compound included so much more than a mold is AB5. Carrying out 
occlusion of a lot of hydrogen near ordinary temperature than a mold is indicated. Moreover, at the 
example which used A site as the mixture of rare earth elements and Mg, it is J.Less-Common. It is Lal- 
X MgX nickel2 to Metals, and 73 and 339 (1980). The system alloy is reported. However, both stability 
with hydrogen is too high, and they cannot emit hydrogen easily, and there is a trouble that an alloy 
content separates into a stabilization hydride and a metal with hydrogenation depending on a 
presentation. 

[0004] On the other hand, if it is within limits by which Ce content in an optimum dose implication and 
a rare earth component was controlled in Mg in the rare earth-Mg-nickel system hydrogen storing metal 
alloy, it has ordered structure and it is known that there is almost no separation of the alloy content 
accompanying the occlusion and emission of hydrogen. 

[0005] However, such a hydrogen storing metal alloy especially has the trouble that the difference of the 
equilibrium pressure at the time of hydrogen absorption and the equilibrium pressure at the time of 
hydrogen desorption has a pressure quite lower than the pressure impressed at the time of occlusion 
when the ratio of the number of hydrogen atoms to a metal atomic number became large in a small field, 
used as an object for storage of hydrogen gas and collected hydrogen completely. 
[0006] 

[Problem(s) to be Solved by the Invention] The surface smoothness of the equilibrium pressure at the 
time of hydrogen absorption and emission is high, and this invention aims at offering the hydrogen 
storing metal alloy with which the differential pressure at the time of hydrogen absorption and emission 
was reduced. 

[0007] Moreover, this invention tends to offer the hydrogen storing metal alloy hydrogen absorption and 
whose emission rate improved. 

[0008] Furthermore, this invention tends to offer the rechargeable battery discharge capacity and whose 
cycle life improved. 

[0009] Moreover, it is going to offer the rechargeable battery with which it was controlled that corrosion 
oxidation of the hydrogen storing metal alloy is carried out with the alkali electrolytic solution, and the 
high-rate-discharge property of this invention improved. 

[0010] It is going to offer the rechargeable battery with which it was controlled that corrosion oxidation 
of the hydrogen storing metal alloy is carried out with the alkali electrolytic solution, and discharge 
capacity and the charge-and-discharge cycle life of this invention improved. 
[0011] 
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[Means for Solving the Problem] According to this invention, the hydrogen storing metal alloy 
characterized by having the presentation expressed with the following general formula (1) is offered. 
[0012] 

Mga(Lal-bRlb)l-aNiXCoYMlZ (1) 

However, Rl is at least two kinds of elements chosen from the rare earth elements containing Y. And Ce 
content to said Rl and said total amount of La is less than 20 % of the weight. At least one kind of 
element with which Ml is chosen from Mn, Fe, V, Cr, Nb, aluminum, Ga, Zn, Sn, Cu, Si, P, and B, 
Atomic ratios a, b, X, Y, and Z are specified as 0.15< a<0.35, 0.55<=b<=0.95, 0<=Y<=1.5, 0<=Z<=0.2, 
and 2.9<X+Y+Z<3.5, respectively. 

[0013] According to this invention, the rechargeable battery characterized by having the separator 
infixed between the positive electrode, the negative electrode containing the hydrogen storing metal 
alloy which has the presentation expressed with the following general formula (1), and said positive 
electrode and said negative electrode, and the alkali electrolytic solution is offered. 
[0014] 

Mga(Lal-bRlb)l-aNiXCoYMlZ - (1) 

However, Rl is at least two kinds of elements chosen from the rare earth elements containing Y. And Ce 
content to said Rl and said total amount of La is less than 20 % of the weight. At least one kind of 
element with which Ml is chosen from Mn, Fe, V, Cr, Nb, aluminum, Ga, Zn, Sn, Cu, Si, P, and B, 
Atomic ratios a, b, X, Y, and Z are specified as 0.15< a<0.35, 0.55<=b<=0.95, 0<=Y<=1.5 a 0<=Z<=0.2, 
and 2.9<X+Y+Z<3.5, respectively. 

[0015] According to this invention, the hydrogen storing metal alloy characterized by having the 

presentation expressed with the following general formula (2) is offered. 

[0016] 

MgaR21-a-bTl bNiZ-X-YAlXM2Y (2) 

However, R2 is at least one kind of element chosen from the rare earth elements containing Y. And at 
least one kind of element with which La content is less than 55 % of the weight, and Tl is chosen from 
calcium, Ti, Zr, Hf, Li, Na, K, Rb, Cs, Sr, and Ba, At least one kind of element with which M2 is chosen 
from Co, Mn, Fe, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P, and S, Atomic ratios a, b, X, Y, and Z 
are specified as 0.1<=a<0.3, 0<=b<=0.3, 0.2< X<0.7, 0.1<=Y<=3.0, and 3.25<=Z<=4.5, respectively. 
[0017] According to this invention, the rechargeable battery characterized by having the separator 
infixed between the positive electrode, the negative electrode containing the hydrogen storing metal 
alloy which has the presentation expressed with the following general formula (2), and said positive 
electrode and said negative electrode, and the alkali electrolytic solution is offered. 
[0018] 

MgaR21-a-bTl bNiZ-X-YAlXM2Y (2) 

However, R2 is at least one kind of element chosen from the rare earth elements containing Y. And at 
least one kind of element with which La content is less than 55 % of the weight, and Tl is chosen from 
calcium, Ti, Zr, Hf, Li, Na, K, Rb, Cs, Sr, and Ba, At least one kind of element with which M2 is chosen 
from Co, Mn, Fe, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P, and S, Atomic ratios a, b, X, Y, and Z 
are specified as 0.1<=a<0.3, 0<=b<=0.3, 0.2< X<0.7, 0.1<=Y<=3.0, and 3.25<=Z<=4.5, respectively. 
[0019] According to this invention, the hydrogen storing metal alloy characterized by having the 
presentation expressed with the following general formula (3), and 70% or more of fields whose Mg 
concentration per unit area is 0.5 to 2 twice the average existing in a cross section is offered. 
[0020] 

MgaR31-a-bT2bNiZ-XM3X - (3) 

However, R3 is at least one kind of element chosen from the rare earth elements containing Y. At least 
one kind of element with which T2 is chosen from calcium, Ti, Zr, and Hf, At least one kind of element 
with which M3 is chosen from Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, Li, 
P, and S, Atomic ratios a, b, X, and Z are specified as 0.2<=a<=0.35, 0<=b<=0.3, 0< X<=2.0, and 
3<=Z<=3.8, respectively. 

[0021] The rechargeable battery characterized by having the separator infixed between the negative 
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electrode containing the hydrogen storing metal alloy with which it has the presentation expressed in the 
following general formula (3) as a positive electrode, and 70% or more of fields whose Mg 
concentration per unit area is 0.5 to 2 twice the average exists in a cross section, and said positive 
electrode and said negative electrode, and the alkali electrolytic solution according to this invention is 
offered. 
[0022] 

MgaR3 1 -a-bT2bNiZ-XM3X ~ (3) 

However, R3 is at least one kind of element chosen from the rare earth elements containing Y. At least 
one kind of element with which T2 is chosen from calcium, Ti, Zr, and Hf, At least one kind of element 
with which M3 is chosen from Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, Li, 
P, and S, Atomic ratios a, b, X, and Z are specified as 0.2<=a<=0.35, 0<=b<=0.3, 0< X<=2.0, and 
3<=Z<=3.8, respectively. 
[0023] 

[Embodiment of the Invention] Hereafter, the 1st concerning this invention - the 3rd hydrogen storing 
metal alloy are explained. 

[0024] (The 1st hydrogen storing metal alloy) This hydrogen storing metal alloy has the presentation 

expressed with the following general formula (1). 

[0025] 

Mga(Lal-bRlb)l-aNiXCoYMlZ - (1) 

However, Rl is at least two kinds of elements chosen from the rare earth elements containing Y. And Ce 
content to said Rl and said total amount of La is less than 20 % of the weight. At least one kind of 
element with which Ml is chosen from Mn, Fe, V, Cr, Nb, aluminum, Ga, Zn, Sn, Cu, Si, P, and B, 
Atomic ratios a, b, X, Y, and Z are specified as 0.1 5< a<0.35, 0.55<=b<=0.95, 0<=Y<=1.5, 0<=Z<=0.2, 
and 2.9<X+Y+Z<3.5, respectively. 

[0026] If said atomic ratio a separates from said range, a hydrogen desorption property and a cycle 
property will fall. The more desirable range of an atomic ratio a is 0.2<=a<=0.3. 
[0027] As for Rl, it is desirable to consist of three or more kinds of rare earth elements. As this Rl, the 
misch metal which is the mixture of rare earth elements can be mentioned, for example. What consists 
of three or more kinds of rare earth elements chosen from Pr, Nd, Sm, and Y as Rl is desirable. 
Moreover, Ce content to the total amount of Rl and La is less than 20 % of the weight, or Rl does not 
contain Ce. When Ce content to the total amount of Rl and La is ****ed to 20% of the weight or more, 
there is a possibility that the phase which has the CaCu5 mold crystal structure may increase, and the 
equilibrium pressure fall in the last stage may arise notably at the time of emission of gaseous-phase 
hydrogen. As for Ce content, it is more desirable to carry out to 15 or less % of the weight. 
[0028] By making the atomic ratio b of Rl into said range, the trouble of being hard to emit hydrogen 
can be improved and a hydrogen storing metal alloy with a big hydrogen storage capacity can be 
obtained. If an atomic ratio b is made less than into 0.55, since the occlusion site where hydrogen 
becomes stability too much will increase, hydrogen equilibrium pressure required in order to perform 
perfect emission falls. On the other hand, if an atomic ratio b exceeds 0.95, in case it will heat-treat for 
raising homogeneity to a hydrogen storing metal alloy, it will be necessary to make heat treatment 
temperature high, the transpiration of Mg under heat treatment increases, and there is a possibility that 
control of a presentation may become remarkably difficult. The more desirable range of an atomic ratio 
b is 0.6<=b<=0.8. 

[0029] By making Co contain in a hydrogen storing metal alloy, the surface smoothness of the occlusion 
equilibrium pressure at the time of occlusion can be improved. If an atomic ratio Y exceeds 1.5, the 
amount of occlusion will decrease remarkably. The more desirable range of an atomic ratio Y is 
0.5<=Y<=1.0. 

[0030] While being able to raise hydrogen absorption and the emission characteristics, such as hydrogen 
absorption and an emission rate, by making an element Ml contain in a hydrogen storing metal alloy, 
balanced hydrogen pressure can be made into the suitable range. It is guessed that this is what it 
considers as a reason that the diffusion of hydrogen, and the occlusion and emission of a hydrogen 
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storing metal alloy which invaded in the alloy with the element Ml become easy etc. As an element Ml, 
it is more desirable to use Mn, aluminum, Si, Cr, and Fe. If the atomic ratio Y of an element Ml exceeds 
0.2, hydrogen absorption and a burst size will fall. The more desirable range of an atomic ratio Y is 
0.01<=Y<=1.5, and the still more desirable range is 0.05<=Y<=1.0. 

[0031] Specifying the sum total of atomic ratios X, Y, and Z in said range is based on the following 
reasons. If total value of atomic ratios X, Y, and Z is made or less into 2.9, since the site which the 
hydrogen in an alloy stabilizes will increase notably, the equilibrium pressure in the last stage falls 
remarkably at the time of emission of the gaseous-phase hydrogen of an alloy. Hydrogen absorption and 
the emission characteristic can be made into the outstanding thing by making this total value larger than 
2.9. However, when total value of atomic ratios X, Y, and Z is made or more into 3.5, homogenization 
by heat treatment becomes difficult and there is a possibility of producing an unusual appearance and 
spoiling the surface smoothness of the equilibrium pressure at the time of hydrogen absorption and 
emission. The more desirable range of total value is 3.0<X+Y+Z<3.4. 

[0032] Moreover, it permits that the 1st hydrogen storing metal alloy concerning this invention contains 
elements, such as C, N, O, and F, as an impurity in the range which does not check a property. In 
addition, as for the content of these impurities, it is desirable that it is 1 or less % of the weight 
respectively. 

[0033] This hydrogen storing metal alloy is produced by the approach explained for example, to the 
following (1) - (3). 

[0034] (1) Carry out weighing capacity of each element, for example, it is the single rolling method 
under an inert atmosphere like argon gas, Said alloy is produced with super-quenching methods, such as 
molten metal quenching methods, such as the congruence rolling method, or the gas atomizing method. 
[0035] (2) Carry out weighing capacity of each element, carry out the RF induction dissolution under an 
inert atmosphere like argon gas, and produce said alloy by casting to metal mold etc. 
[0036] (3) Produce hardeners, such as RNi5 system, R2nickel7 system, RNi3 system, RNi2 system, a 
Mg2nickel system, or MgNi2 system, by the RF induction dissolution, and produce said alloy by 
carrying out weighing capacity of each hardener so that it may become the purpose presentation, 
carrying out the RF induction dissolution of this, and casting to metal mold etc. 
[0037] As for the 1st hydrogen storing metal alloy concerning this invention, it is desirable that heat 
treatment is performed at the temperature of 300 degrees C or more and under the melting point to the 
bottom of an inert atmosphere in a vacuum. Since grid distortion can be eased while being able to reduce 
AB5 phase in an alloy, and the abundance of AB2 equality by this heat treatment, hydrogen absorption 
and the emission characteristics, such as hydrogen absorption and an emission rate, can be improved. 
The more desirable range of heat treatment temperature is 750 degrees C - 1050 degrees C. Furthermore, 
the desirable range is 800-1000 degrees C. Moreover, although the optimal heat treatment time amount 
is changed with heat treatment temperature, 1 - 20 hours is still more preferably good [ time amount ] for 
0.1 to 500 hours preferably as a standard for 0.5 to 100 hours. 

[0038] (The 2nd hydrogen storing metal alloy) This hydrogen storing metal alloy has the presentation 

expressed with the following general formula (2). 

[p039] 

MgaR21-a-bTl bNiZ-X-YAlXM2Y - (2) 

However, R2 is at least one kind of element chosen from the rare earth elements containing Y. And at 
least one kind of element with which La content is less than 55 % of the weight, and Tl is chosen from 
calcium, Ti, Zr, Hf, Li, Na, K, Rb, Cs, Sr, and Ba, At least one kind of element with which M2 is chosen 
from Co, Mn, Fe, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, P, and S, Atomic ratios a, b, X, Y, and Z 
are specified as 0.1<=a<0.3, 0<=b<=0.3, 0.2< X<0.7, 0.1<=Y<=3.0, and 3.25<=Z<=4.5, respectively. 
[0040] If the atomic ratio a of Mg separates from said range, the hydrogen desorption property and cycle 
property of a hydrogen storing metal alloy will fall, and it will have a big discharge capacity, and it will 
become difficult to realize the rechargeable battery excellent in the cycle property. The more desirable 
range of an atomic ratio a is 0.15<=a<=0.28. 

[0041] As R2, when low cost-ization of a hydrogen storing metal alloy electrode is taken into 
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consideration, it is desirable to use at least one sort of elements chosen from La, Ce, Pr, Nd, and Y. It is 
more desirable to use the misch metal which is the mixture of rare earth elements especially. 
[0042] If La content in R2 exceeds 55 % of the weight when it is made the range which mentioned the 
atomic ratio X of aluminum above, the hydrogen absorption and the emission rate of an alloy will fall, 
and the cycle life of a rechargeable battery will become short, and the effectiveness of aluminum of the 
amount of specification being included will no longer be acquired. As for La content, it is more 
desirable to carry out to 50 or less % of the weight. On the other hand, if La content becomes less than 
1 .0 % of the weight, since the equilibrium pressure at the time of occlusion will become high too much, 
it becomes difficult to carry out occlusion. Therefore, as for the lower limit of La content, it is desirable 
to carry out to 1 .0% of the weight. 

[0043] As for R2, it is desirable that Ce content is less than (0 % of the weight is included) 20 % of the 
weight. Since there is a possibility that the phase which has AB5 mold crystal structure may increase 
when it is made the range which mentioned the atomic ratio X of aluminum above and Ce content 
exceeds 20 % of the weight, it may become impossible to improve a cycle life in the high-rate-discharge 
property list of the hydrogen absorption and the emission rate of an alloy, and a rechargeable battery. 
[0044] Since heat treatment temperature can be made low by making said alloy contain Tl when heat- 
treating to a hydrogen storing metal alloy, the homogeneity of said alloy can be raised. As Tl , it is 
desirable to use Ti, Zr, Li, Sr, and Ba. Moreover, if the atomic ratio b of Tl exceeds 0.3, since heat 
treatment temperature will fall sharply, the main phase of an alloy decomposes and the discharge 
capacity of a rechargeable battery falls. The more desirable range of an atomic ratio b is 0.05<=b<=0.2. 
[0045] If the atomic ratio X of aluminum separates from said range, it will become difficult to raise the 
corrosion resistance over an alkali water solution like the alkali electrolytic solution, the high-rate- 
discharge property of a rechargeable battery, and a cycle life in the hydrogen absorption and the 
emission rate list of a hydrogen storing metal alloy. The more desirable range of an atomic ratio X is 
0.25<=X<=0.6. 

[0046] While being able to improve the hydrogen absorption and the emission characteristic like the 
hydrogen absorption and the emission rate of an alloy by making a hydrogen storing metal alloy contain 
an element M2, the cycle property of a rechargeable battery is improvable by leaps and bounds. Thus, it 
is guessed that it is what it considers as a reason that the diffusion of hydrogen, and the occlusion and 
emission of a hydrogen storing metal alloy which invaded in the alloy with the element M2 become easy 
etc. that hydrogen absorption and the emission characteristic are improved. As M2, it is desirable to use 
Co, Mn, Fe, Ga, Cu, Si, and Cr. If the atomic ratio Y of an element M2 separates from said range, in an 
alloy, high hydrogen absorption and emission rate will not be obtained, and the discharge capacity of a 
rechargeable battery will fall. The more desirable range of an atomic ratio Y is 0.05<=Y<=1.0, and the 
still more desirable range is 0.1<=Y<=0.8. 

[0047] If an atomic ratio Z separates from said range, the hydrogen desorption property and cycle 
property of a hydrogen storing metal alloy will fall, and it will have a big discharge capacity, and it will 
become difficult to realize the rechargeable battery excellent in the cycle property. The more desirable 
range of an atomic ratio Z is 3.3<=Z<=4.0. 

[0048] Moreover, it permits that the 2nd hydrogen storing metal alloy concerning this invention contains 
elements, such as C, N, O, and F, as an impurity in the range which does not check a property. In 
addition, as for the content of these impurities, it is desirable that it is 1 or less % of the weight 
respectively. 

[0049] This hydrogen storing metal alloy is produced by the same approach as the 1st hydrogen storing 
metal alloy mentioned above explained. 

[0050] As for the 2nd hydrogen storing metal alloy concerning this invention, it is desirable that heat 
treatment is performed to the bottom of an inert atmosphere in a vacuum at the temperature of 300 
degrees C or more and less than 1200 degrees C. Since AB5 phase in an alloy and the abundance of 
AB2 equality can be reduced by this heat treatment, while being able to improve further hydrogen 
absorption and the emission characteristics, such as hydrogen absorption, an emission rate, etc. of a 
hydrogen storing metal alloy, the high-rate-discharge property and cycle life of a rechargeable battery 
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are further improvable. Moreover, when heat treatment temperature exceeds 1200 degrees C, the main 
phase of an alloy decomposes and there is a possibility that it may become impossible to obtain high 
hydrogen absorption and emission rate. The more desirable range of heat treatment temperature is 400 
degrees C - 1000 degrees C. Moreover, although the optimal heat treatment time amount is changed with 
heat treatment temperature, 50 - 600 hours is still more preferably good [ time amount ] for 5 to 1000 
hours preferably as a standard for 10 to 800 hours. 

[0051] (The 3rd hydrogen storing metal alloy) The field where this 3rd hydrogen storing metal alloy has 
the presentation expressed with the following general formula (3), and Mg concentration per unit area in 
a cross section corresponds by 0.5 to 2 twice the average Mg concentration per unit area is 70% or more. 

[0052] 

MgaR31-a-bT2bNiZ-XM3X - (3) 

However, R3 is at least one kind of element chosen from the rare earth elements containing Y. At least 
one kind of element with which T2 is chosen from calcium, Ti, Zr, and Hf, At least one kind of element 
with which M3 is chosen from Co, Mn, Fe, aluminum, Ga, Zn, Sn, Cu, Si, B, Nb, W, Mo, V, Cr, Ta, Li, 
P, and S, Atomic ratios a, b, X, and Z are specified as 0.2<=a<=0.35, 0<=b<=0.3, 0< X<=2.0, and 
3<=Z<=3.8, respectively. 

[0053] If the atomic ratio a of Mg separates from said range, the hydrogen desorption property and cycle 
property of a hydrogen storing metal alloy will fall, and it will have a big discharge capacity, and it will 
become difficult to realize the rechargeable battery excellent in the cycle property. The more desirable 
range of an atomic ratio a is 0.25<=a<=0.32. 

[0054] As R3, when low cost-ization of a hydrogen storing metal alloy electrode is taken into 
consideration, it is desirable to use at least one sort of elements chosen from La, Ce, Pr, Nd, and Y. It is 
more desirable to use the misch metal which is the mixture of rare earth elements especially. As this 
misch metal, Mm with rich Ce and La can mention rich Lm etc., for example. 

[0055] As for R3, it is desirable that Ce content is less than (0 % of the weight is included) 20 % of the 
weight. If Ce content exceeds 20 % of the weight, since it will become easy to produce the phase which 
has AB5 mold crystal structure, the space quantity by which Mg concentration in a cross section was 
regulated may become less than 70%. 

[0056] By making an element T2 contain, properties, such as a hydrogen desorption rate, can be raised, 
without decreasing remarkably the hydrogen storage capacity of a hydrogen storing metal alloy, and the 
pulverization of the alloy accompanying hydrogen absorption and emission can be controlled. If the 
atomic ratio b of T2 exceeds 0.3, an improvement of effectiveness which was mentioned above, i.e., a 
hydrogen desorption property, and control of pulverization will no longer be seen, and the discharge 
capacity of a rechargeable battery will fall. The inclination for the cycle life of a rechargeable battery to 
become [ an atomic ratio b / the smaller one ] long is seen. As for the upper limit of the atomic ratio b of 
T, from a viewpoint which secures a longevity life, it is desirable to make it 0.2. 
[0057] While being able to improve the hydrogen absorption and the emission characteristic like the 
hydrogen absorption and the emission rate of an alloy by making a hydrogen storing metal alloy contain 
an element M3, the cycle property of a rechargeable battery is improvable by leaps and bounds. Thus, it 
is guessed that it is what it considers as a reason that the diffusion of hydrogen, and the occlusion and 
emission of a hydrogen storing metal alloy which invaded in the alloy with the element M3 become easy 
etc. that hydrogen absorption and the emission characteristic are improved. As an element M3, it is more 
desirable to use Co, Mn, Fe, aluminum, Ga, Cu, Si, Cr, and Li. If the atomic ratio X of an element M3 
exceeds 2.0, the discharge capacity of a rechargeable battery will fall. The more desirable range of an 
atomic ratio X is 0.01<=X<=1.5, and the still more desirable range is 0.05<=X<=1.0. 
[0058] If an atomic ratio Z separates from said range, the hydrogen desorption property and cycle 
property of a hydrogen storing metal alloy will fall, and it will have a big discharge capacity, and it will 
become difficult to realize the rechargeable battery excellent in the cycle property. The more desirable 
range of an atomic ratio Z is 3.2<=Z<=3.7. 

[0059] When a hydrogen storing metal alloy is massive (for example, an ingot and a flake), Mg 
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concentration per unit area in the cross section of a hydrogen storing metal alloy can photo a secondary 
electron image or a reflection electron image by one 50 to 10,000 times the scale factor of this with an 
electron probe microanalyzer (EPMA), and can ask for it by mapping Mg. The average Mg 
concentration per unit area is computed from Mg concentration for every obtained unit area, actual 
concentration and the actual average are compared for every unit area, and the space quantity whose Mg 
concentration per unit area is 0.5 to 2.0 times the average is measured. Moreover, when a hydrogen 
storing metal alloy is powdered, the average Mg concentration per unit area is computed by measuring, 
respectively by the approach which mentioned above Mg concentration per unit area in a cross section 
about at least five powder, and adding together distribution of Mg concentration in each cross section. 
Mg concentration and the average per unit area are compared for every cross section, and the space 
quantity whose Mg concentration per unit area is 0.5 to 2.0 times the average is measured. It considers 
as the space quantity which hydrogen storing metal alloy powder asks for the average computed from 
the space quantity for every cross section. 

[0060] In the cross section of a hydrogen storing metal alloy, if the field where Mg concentration per 
unit area corresponds by 0.5 to 2 twice the average Mg concentration per unit area becomes less than 
70%, since the segregation of Mg will become large, hydrogen absorption and an emission rate fall, and 
the cycle life of a rechargeable battery falls. It is surmised that the cycle life of a rechargeable battery 
will fall because the field where corrosion oxidation tends to progress to the alkali electrolytic solution 
into a hydrogen storing metal alloy exists if the segregation of Mg is large. Moreover, a certain thing of 
said field is desirable 85% or more, and the field where Mg concentration [ in / in the most desirable 
alloy / a cross section ] per unit area corresponds by 0.7 to 1 .5 times the average Mg concentration per 
unit area is a certain thing 85% or more. 

[0061] Moreover, it permits that the 3rd hydrogen storing metal alloy concerning this invention contains 
elements, such as C, N, O, and F, as an impurity in the range which does not check a property. In 
addition, as for the content of these impurities, it is desirable that it is 1 or less % of the weight 
respectively. 

[0062] This hydrogen storing metal alloy is produced by the same approach as the 1st hydrogen storing 
metal alloy mentioned above explained. 

[0063] As for the 3rd hydrogen storing metal alloy concerning this invention, it is desirable that heat 
treatment is performed at the temperature of 750 degrees C or more and under the melting point to the 
bottom of an inert atmosphere in a vacuum. Since grid distortion can be eased while being able to reduce 
AB5 phase in an alloy, and the abundance of AB2 equality by this heat treatment and being able to 
equalize Mg concentration, a cycle life can be further improved in hydrogen absorption and the emission 
characteristics, such as hydrogen absorption and an emission rate, and the discharge capacity list of a 
rechargeable battery. The more desirable range of heat treatment temperature is 800 degrees C - 1 100 
degrees C. Moreover, although the optimal heat treatment time amount is changed with heat treatment 
temperature, 1 - 20 hours is still more preferably good [ time amount ] for 0. 1 to 500 hours preferably as 
a standard for 0.5 to 100 hours. 

[0064] It is thought that peritectic transformation generates the phase which has the crystal structure 
made into the purpose of the 3rd hydrogen storing metal alloy concerning this invention. For this reason, 
in case said heat treatment is performed, in the temperature field which peritectic transformation 
produces, it is desirable to cool slowly at the rate of below 20 degrees C / min in a vacuum and under an 
inert atmosphere. Distribution of Mg concentration can be made more uniform by performing such 
annealing. After holding for 30 minutes at 950 degrees C, it can cool slowly to 800 degrees C at the rate 
of 1 degree C / min, and can hold for 30 minutes at 800 degrees C, and, specifically, furnace cooling or 
the approach of carrying out air cooling can be adopted after that. 

[0065] Hereafter, the metallic oxide and hydrogen rechargeable battery (for example, a cylindrical shape 
metallic oxide and hydrogen rechargeable battery) which is an example of the rechargeable battery 
concerning this invention are explained with reference to drawing 1 . 

[0066] As shown in drawing 1 , in the closed-end cylinder-like container 1 , the electrode group 5 
produced by carrying out the laminating of a positive electrode 2, a separator 3, and the negative 
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electrode 4, and winding in the shape of a spiral is contained. Said negative electrode 4 is arranged at the 
outermost periphery of said electrode group 5, and touches said container 1 electrically. The alkali 
electrolytic solution is held in said container 1. The 1st circular obturation plate 7 which has a hole 6 in 
the center is arranged at up opening of said container 1 . The insulating ring-like gasket 8 is arranged 
between the periphery of said obturation plate 7, and the up opening circles side of said container 1, and 
is fixing said obturation plate 7 to said container 1 airtightly through said gasket 8 by caulking 
processing which reduces the diameter of said up opening inside. An end is connected to said positive 
electrode 2, and, as for the positive-electrode lead 9, connection and the other end are connected to the 
inferior surface of tongue of said obturation plate 7. The positive-electrode terminal 10 which makes a 
hat configuration is attached so that said hole 6 may be covered on said obturation plate 7. The relief 
valve 1 1 made of rubber is arranged so that said hole 6 may be closed in the space surrounded with said 
obturation plate 7 and said positive-electrode terminal 10. The circular pressure plate 12 which consists 
of an insulating material which has a hole in the center is arranged so that the height of said positive- 
electrode terminal 10 may be projected from said hole of the pressure plate 12 on said positive-electrode 
terminal 10. The sheathing tube 13 has covered the periphery of said pressure plate 12, the side face of 
said container 1, and the pars-basilaris-ossis-occipitalis periphery of said container 1. 
[0067] Next, said positive electrode 2, a negative electrode 4, a separator 3, and the alkali electrolytic 
solution are explained. 

[0068] 1) a positive electrode 2 - this positive electrode 2 - the inside of the electrolytic solution - 
being stabilized ~ charge and discharge — possible — ****ing — for example, what contains nickel 
hydroxide powder as an active material can be used. 

[0069] An electrical conducting material is added to the nickel hydroxide powder which is an active 
material, it kneads with a binder and water and a paste is prepared, said positive electrode 2 fills up a 
conductive substrate with said paste, and after drying, it is produced by fabricating. 
[0070] As for said nickel hydroxide powder, it is desirable to hold the oxide of at least one metal chosen 
from the group of zinc and cobalt or the mixture of a hydroxide and nickel hydroxide. The nickel 
hydrogen rechargeable battery equipped with the positive electrode containing such nickel hydroxide 
powder and the negative electrode containing the hydrogen storing metal alloy concerning this invention 
can improve remarkably charge-and-discharge capacity and the discharge property in low temperature. 
[0071] As said electrical conducting material, cobalt oxide, a cobalt hydroxide, metal cobalt, metal 
nickel, carbon, etc. can be mentioned, for example. 

[0072] As said binder, a carboxymethyl cellulose, methyl cellulose, sodium polyacrylate, 
polytetrafluoroethylene, and polyvinyl alcohol (PVA) can be mentioned, for example. 
[0073] The metal porous body of the shape of the shape of reticulated [ which was formed as said 
conductive substrate from the metal with which nickel, stainless steel or nickel plating was performed, 
for example ], and sponge, fibrous, or felt can be mentioned. 

[0074] 2) a negative electrode 4 — this negative electrode 4 contains the powder of at least one kind of 
alloy chosen from the 1st - the 3rd hydrogen storing metal alloy which were mentioned above. 
[0075] Grinding of a hydrogen storing metal alloy can adopt the approach of using grinders, such as a 
hammer mill and a pin pill, in an inert atmosphere. Moreover, as for the mean particle diameter of 
hydrogen storing metal alloy powder, it is desirable to make it 10-50 micrometers. 
[0076] Said negative electrode is produced by the approach explained to following (1) and (2). 
[0077] (1) Add electric conduction material to the powder of the hydrogen storing metal alloy 
mentioned above, knead with a binder and water, prepare a paste, fill up a conductive substrate with said 
paste, and produce said negative electrode by fabricating after drying. 

[0078] (2) Produce said negative electrode by fabricating after adding electric conduction material to the 
powder of the hydrogen storing metal alloy mentioned above, kneading with a binder, preparing a 
mixture, making said mixture hold to a conductive substrate and drying. 

[0079] As said binder, having used with said positive electrode 2 and the same thing can be mentioned. 
In addition, when producing a negative electrode by the approach of (2) mentioned above, the thing 
containing polytetrafluoroethylene (PTFE) is desirable. 
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[0080] As said electric conduction material, carbon black etc. can be mentioned, for example. 
[0081] As said conductive substrate, 2-dimensional substrates, such as punched metal, an expanded 
metal, and a nickel network, a felt-like metal porous body, and Motoki Mitsugi plates, such as a sponge- 
like metal substrate, can be mentioned, for example. 

[0082] 3) a separator 3 — this separator 3 consists of for example, a polypropylene nonwoven fabric, a 
nylon nonwoven fabric, and a macromolecule nonwoven fabric like the nonwoven fabric which 
interwove a polypropylene fiber and nylon fiber. Especially the polypropylene nonwoven fabric with 
which hydrophilization processing of the front face was carried out is suitable as a separator. 
[0083] 4) As the alkali electrolytic solution of alkali ******** 5 the water solution of a sodium 
hydroxide (NaOH), the water solution of a lithium hydroxide (LiOH), the water solution of a potassium 
hydroxide (KOH), the mixed liquor of NaOH and LiOH, the mixed liquor of KOH and LiOH, the mixed 
liquor of KOH, LiOH, and NaOH, etc. can be used, for example. 

[0084] It can reduce the differential pressure at the time of hydrogen absorption and emission while it 
can raise the surface smoothness of the equilibrium pressure at the time of hydrogen absorption and 
emission, since the 1st hydrogen storing metal alloy concerning this invention explained above has the 
presentation expressed with (1) type mentioned above. Since the rechargeable battery equipped with the 
negative electrode containing this hydrogen storing metal alloy can maintain high operating potential for 
the time of discharge at a long period of time, it can improve discharge capacity and a charge-and- 
discharge cycle life. 

[0085] It can improve hydrogen absorption and an emission rate while it can control the corrosion 
oxidation by the alkali water solution, since the 2nd hydrogen storing metal alloy concerning this 
invention has the presentation expressed with (2) types mentioned above. The rechargeable battery 
equipped with the negative electrode containing this hydrogen storing metal alloy can improve the 
discharge capacity at the time of discharging at high rate (high current), and can improve a charge-and- 
discharge cycle life. 

[0086] Since the field where it has the presentation expressed with (3) types mentioned above, and Mg 
concentration per unit area in a cross section corresponds by 0.5 to 2 twice the average Mg concentration 
per unit area is 70% or more, the 3rd hydrogen storing metal alloy concerning this invention can 
improve hydrogen absorption and the emission characteristics, such as hydrogen absorption and an 
emission rate. Moreover, the rechargeable battery equipped with the negative electrode containing said 
alloy can improve discharge capacity and a charge-and-discharge cycle life. It is guessed that an 
operation of this invention is what is depended on the mechanism explained to the following of a not 
clear thing. 

[0087] That is, the crystal phase of the crystal phase of CaCu5 mold or MgCu2 mold other than the 
phase in which the hydrogen storing metal alloy which has the presentation expressed with (3) types 
mentioned above has the target crystal structure exists at least. Thus, it is thought that a CaCu5 mold 
crystal phase and a MgCu2 mold crystal phase are contained for the phase which has the target crystal 
structure generating by peritectic transformation. Mg hardly exists in a CaCu5 mold crystal phase, and 
the MgCu2 mold crystal phase has become Mg Rich compared with the crystal phase made into the 
purpose. Therefore, said hydrogen storing metal alloy has produced Mg segregation. 
[0088] this invention persons found out that Mg segregation degree affected the cycle life of a 
rechargeable battery, as a result of repeating research wholeheartedly. That is, since Mg segregation is 
large, the charge-and-discharge cycle life of a rechargeable battery falls that the field where Mg 
concentration per unit area corresponds by 0.5 to 2 twice the average of this in a cross section is less 
than 70%. The hydrogen storing metal alloy with large Mg segregation is conjectured that the field 
where the corrosion oxidation by the alkali electrolytic solution tended to advance exists. Since increase 
of lack (consumption) of the electrolytic solution and the internal resistance of a rechargeable battery 
etc. arises at the same time corrosion oxidation and insulation-ization progress with advance of a charge- 
and-discharge cycle when it considers as a sealing form rechargeable battery, it becomes impossible to 
obtain a longevity life. 

[0089] Since Mg segregation can be made small by making the field where Mg concentration per unit 
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area corresponds by 0.5 to 2 twice the average of this in a cross section like the invention in this 
application 70% or more, the field which receives corrosion oxidation with the alkali electrolytic 
solution can be lessened, and a cycle life and discharge capacity can be improved. 
[0090] Moreover, according to the 1st concerning this invention - the 3rd hydrogen storing metal alloy, 
the various applicable fields (the catalyst in the cell and the synthetic chemistry which use storage and 
transportation of hydrogen, storage and transportation of heat, conversion of heat-mechanical energy, 
separation and purification of hydrogen, separation of a hydrogen isotope, and hydrogen as an active 
material, thermo sensor, etc.) using an alloy besides the former are expanded more, and are considered 
that it may lead also to exploitation of a field with still newer hydrogen storing metal alloy use. Thus, as 
compared with an alloy, the property of the hydrogen storing metal alloy of this invention improves 
remarkably conventionally, and it is considered to be what has high industrial value. 
[0091] In addition, although the separator was intervened, and it wound spirally between the positive 
electrode and the negative electrode and being contained in the closed-end cylinder-like container in 
drawing 1 mentioned above, the rechargeable battery of this invention is not limited to such structure. 
For example, a separator is intervened between a positive electrode and a negative electrode, and the 
laminated material which carried out two or more sheet laminating of this is contained in a closed-end 
rectangle tubed container, and can be applied also like a square shape rechargeable battery. 
[0092] 

[Example] Hereafter, the example of this invention is explained to a detail with reference to a drawing. 
[0093] (Examples 1-13 and examples 1-5 of a comparison) Weighing capacity of each element was 
carried out so that it might become the presentation shown in the following table 1, and the alloy ingot 
was obtained by the RF dissolution under argon atmosphere. It continued and heat treatment of 12 hours 
was performed to each alloy ingot at 960 degrees C under argon atmosphere. In addition, Mm in Table 1 
consists of 12% of the weight of La, 60% of the weight of Ce, 10% of the weight of Pr, and 18% of the 
weight of Nd. 

[0094] The obtained hydrogen storing metal alloy was ground and particle size obtained hydrogen 
storing metal alloy powder (20 micrometers or more and 150 micrometers or less) by sifting out. 
[0095] About the hydrogen storing metal alloy powder of the acquired examples 1-13 and the examples 
1-5 of a comparison, the pressure-presentation constant-temperature line is measured by Sieverts'method 
under 70 degrees C and the hydrogen pressure of less than ten atmospheric pressures, hydrogen pressure 
at the time of the hydrogen desorption of PI and (H/M) =0.2 is set to P2 for the hydrogen pressure at the 
time of the hydrogen desorption of =(H/M) 0.8, P2/P1 is computed, and the result is written together to 
the following table 1. Moreover, hydrogen pressure at the time of PD0.8 and (H/M) the hydrogen 
desorption of =0.2 is set [ the hydrogen pressure at the time of the hydrogen absorption of =(H/M) 0.8 / 
the hydrogen pressure at the time of PA 0.8 and the hydrogen absorption of =(H/M) 0.2 ] to PD0.2 for 
the hydrogen pressure at the time of PA 0.2 and the hydrogen desorption of =(H/M) 0.8. A ratio 
{(PA0.2/PD0.2) /(PA0.8/PD0.8)} is computed as a hysteresis, and the result is written together to the 
following table 1 . 
[0096] 
[Table 1] 
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[0097] While P2/P1 is small as for the hydrogen storing metal alloy of the examples 1-13 which have 
the presentation expressed with (1) type mentioned above and it is excellent in the surface smoothness of 
the equilibrium pressure at the time of hydrogen absorption and emission compared with the hydrogen 
storing metal alloy of the examples 1-5 of a comparison, a ratio {(PA0.2/PD0.2) /(PA0.8/PD0.8)} is 
small, and it turns out that the difference of the equilibrium pressure at the time of hydrogen absorption 
and emission can be reduced so that clearly from Table 1 . 

[0098] (Examples 14-18 and examples 6-7 of a comparison) Weighing capacity of each element was 
carried out so that it might become the presentation shown in the following table 2, and the alloy ingot 
was obtained by the RF dissolution under argon atmosphere. It continued and heat treatment of 12 hours 
was performed to each alloy ingot at 950 degrees C under argon atmosphere. In addition, Lm in Table 2 
(1) consists of 97% of the weight of La, 0.03% of the weight of Ce, 0.07% of the weight of Pr, and 2% 
of the weight of Nd, and Lm (2) consists of 47% of the weight of La, 2% of the weight of Ce, 13% of 
the weight of Pr, and 38% of the weight of Nd. 

[0099] It ground so that the obtained hydrogen storing metal alloy particle size might be set to 100 
micrometers or less, and hydrogen storing metal alloy powder was obtained. 

[0100] Subsequently, the hydrogen absorption rate was measured using the temperature scanning type 
hydrogen absorption emission characteristic evaluation equipment shown in drawin g 2 about the 
hydrogen storing metal alloy of examples 14-18 and the examples 6-7 of a comparison. 
[0101] Drawing 2 is the schematic diagram showing the temperature scanning type hydrogen absorption 
emission characteristic evaluation equipment used for evaluation of a hydrogen storing metal alloy. The 
hydrogen bomb 31 is connected with the specimen container 33 through piping 32. Said piping 32 
branches on the way, and the edge of the branch line 34 is connected with the vacuum pump 35. The 
pressure gage 36 is attached in piping partial 34a which branched further from said branch line 34. In 
piping 32 part between said hydrogen bombs 31 and said specimen containers 33, it is said bomb 31 side 
to the 1st and 2nd bulb 371, and 372. It is infixed. The pressure accumulation container 38 is said 1st 
and 2nd bulb 371 and 372. It connects with said piping 32 part of a between. Said vacuum 4 pump 35 is 
the 3rd bulb 373. It minds and connects with said branch-line 34a. The heater 39 is attached to said 
specimen container 33. The thermocouple 40 is inserted into said specimen container 33. It connects 
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with said thermocouple 40 and said heater 39, and the temperature controller 42 controlled by the 
computer 41 performs temperature control of said heater 39 based on the detection temperature from 
said thermocouple 40. The recorder 43 controlled by said computer 41 is connected to said pressure 
gage 36 and said temperature controller 42. 

[0102] It contained in the specimen container 33 (15 degrees C of ambient temperature) of drawing 2 
which mentioned above the hydrogen storing metal alloy powder of examples 14-18 and the examples 
6-7 of a comparison. The 1st bulb 371 It closes and is the 2nd and 3rd bulb 372 and 373. It opened, the 
vacuum pump 35 was operated and the air in said piping 32, a branch line 34, and the pressure 
accumulation container 38 was exhausted. Said 2nd and 3rd bulb 372 and 373 The 1st bulb 371 after 
closing It opened, hydrogen was supplied from the hydrogen bomb 31, and the hydrogen permutation of 
the inside of said piping 32, a branch line 34, and the pressure accumulation container 38 was carried 
out. Continuously, it is the 1st bulb 371 . It closed and the amount of hydrogen introduced from the 
pressure in the system which a pressure gage 36 shows at this time was computed. It pulls and continues 
and is the 2nd bulb 372. It opened, hydrogen was supplied in said specimen container 33, and it acted as 
the monitor of the temperature with the thermocouple 40. Then, it controlled by the computer 41 and the 
temperature controller 42 so that the temperature in said specimen container 33 became fixed. The 
pressure gage 36 detected the pressure variation in said container 33 at this time, and it was recorded by 
the recorder 43. 

[0103] Subsequently, the amount (H/M) of hydrogen by which occlusion was carried out into each 
hydrogen storing metal alloy of a 1 hour after [ since installation of the hydrogen of a constant rate is 
started in said specimen container 33 ] was computed from detection of the pressure variation in said 
container 33. The result is shown in the following table 2 as a hydrogen absorption rate (H/M, h-1) in 15 
degrees C. 

[0104] Furthermore, the trial eel equipped with the electrode containing the hydrogen storing metal alloy 
powder of examples 14-18 and the examples 6-7 of a comparison as a negative electrode was assembled, 
and the high-rate-discharge property was measured. 

[0105] First, each alloy powder and electrolytic copper powder were mixed at a rate of 1 :2 by the weight 
ratio, and the diameter produced 10mm pellet by pressurizing lg of this mixture for 5 minutes by the 
pressure of 10 ton/cm2. The electrode (negative electrode) was produced by inserting this pellet at the 
wire gauze of nickel, carrying out spot welding of the circumference, carrying out a pressure welding, 
and carrying out spot welding of the lead wire of nickel. 

[0106] The obtained negative electrode was immersed in the potassium-hydroxide water solution of 8 
conventions with the sintering type nickel electrode which is a counter electrode, respectively, 
respectively, and the charge and discharge test was performed in 30 degrees C. It stopped for 10 minutes 
and charge-and-discharge conditions were made into what discharges until it is set to -0.7V to a mercury 
oxide electrode with a 100mA [ per lg of hydrogen storing metal alloys ] current, after charging for 5 
hours with a 100mA [ per lg of hydrogen storing metal alloys ] current. This charge-and-discharge cycle 
was repeated until discharge capacity became a fixed value, and discharge capacity at this time was set 
to Cmax. Subsequently, it was left for one week at 45 degrees C in the state of discharge. Then, after 
performing 120% charge of Cmax, discharge capacity C3C at the time of discharging by 3C is 
measured, the ratio (C3 C/Cmax) of C3C to Cmax is computed, and the result is written together to the 
following table 2. 
[0107] 
[Table 2] 
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[0108] The hydrogen storing metal alloy of the examples 14-18 which have the presentation expressed 
with (2) types mentioned above is understood that hydrogen absorption and an emission rate are quick 
compared with the hydrogen storing metal alloy of the examples 6-7 of a comparison of the presentation 
with few amounts of aluminum so that clearly from Table 2. 

[0109] Moreover, compared with the rechargeable battery of the examples 6-7 of a comparison equipped 
with the negative electrode with which the amount of aluminum contains the hydrogen storing metal 
alloy of little presentation, after leaving the rechargeable battery of the examples 14-18 equipped with 
the negative electrode containing the hydrogen storing metal alloy which has the presentation expressed 
with (2) types mentioned above under hot environments, it is understood that the capacity maintenance 
factor at the time of discharging at high rate is high. 

[0110] (Examples 19-38 and examples 8-10 of a comparison) Weighing capacity of each element was 
carried out so that it might become the presentation shown in the following table 3, it dissolved with the 
high frequency induction furnace under argon atmosphere, teeming and solidification of were done at 
water-cooled copper mold, and the alloy ingot was obtained. It continued and heat-treated on the 
conditions shown in the following table 4 under argon atmosphere at each alloy ingot. In addition, Lm in 
Table 3 (1) consists of 98% of the weight of La, 0.02% of the weight of Ce, 0.08% of the weight of Pr, 
and 1% of the weight of Nd, Lm (2) consists of 48% of the weight of La, 4% of the weight of Ce, 13% 
of the weight of Pr, and 35% of the weight of Nd, and Mm consists of 38% of the weight of La, 47.3% 
of the weight of Ce, 5.5% of the weight of Pr, 9% of the weight of Nd, and 0.2% of the weight of Sm. 
[0111] About the hydrogen storing metal alloy ingot of the acquired examples 19-38 and the examples 
8-10 of a comparison, the space quantity whose Mg concentration per unit area in a cross section is 0.5 
to 2.0 times the average is measured, and the result is written together to Table 4. This measuring 
method is made into an example and the hydrogen storing metal alloy of an example 29 is explained. 
The reflection electron image was photoed for the cross section of the hydrogen storing metal alloy ingot 
of an example 29 by one 200 times the scale factor of this with the electron probe microanalyzer 
(EPMA). The obtained reflection electron image is shown in drawing 3 . Mg was mapped about the 
obtained reflection electron image, Mg number of counts (Mg concentration) for every unit area was 
measured, and it asked for the rate of area occupied in a cross section for every Mg number of counts. 
The result is shown in drawing 4 . In addition, the axis of abscissa of drawing 4 is Mg number of counts 
per unit area, and an axis of ordinate is a rate of area in a cross section. The average Mg number of 
counts per unit area was computed from the distribution map of Mg number of counts shown in this 
drawing 4 . In this case, the average Mg number of counts per unit area was 315. Subsequently, the 
actual number of counts was compared with this average for every unit area, and the space quantity 
whose Mg number of counts per unit area is 0.5 to 2.0 times the average was calculated. 
[0112] It turns out that the part which as for the hydrogen storing metal alloy of an example 29 Mg is 
segregating so that clearly from the reflection electron image of drawing 3 which the amount of said 
field is 99% and mentioned above hardly exists. 

[01 13] Subsequently, the hydrogen storing metal alloy ingot of examples 19-38 and the examples 8-10 
of a comparison was ground in argon atmosphere so that mean particle diameter might be set to 35 
micrometers, and hydrogen storing metal alloy powder was obtained. 
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[0114] Subsequently, about the hydrogen storing metal alloy powder of examples 19-38 and the 
examples 8-10 of a comparison, the hydrogen absorption rate (H/M, h-1) in 10 degrees C is measured 
using the temperature scanning type hydrogen absorption emission characteristic evaluation equipment 
shown in drawing 2 mentioned above, and the result is shown in the following table 5. 
[0115] Furthermore, the trial eel equipped with the electrode containing the hydrogen storing metal alloy 
powder of examples 19-38 and the examples 8-10 of a comparison as a negative electrode was 
assembled, and discharge capacity and a cycle life were measured. 

[0116] First, each alloy powder and electrolytic copper powder were mixed at a rate of 1 :3 by the weight 
ratio, and the diameter produced 10mm pellet by pressurizing Ig of this mixture for 5 minutes by the 
pressure of 10 ton/cm2. The electrode (negative electrode) was produced by inserting this pellet at the 
wire gauze of nickel, carrying out spot welding of the circumference, carrying out a pressure welding, 
and carrying out spot welding of the lead wire of nickel. 

[0117] The obtained negative electrode was immersed in the potassium-hydroxide water solution of 8 
conventions with the sintering type nickel electrode which is a counter electrode, respectively, 
respectively, and the charge and discharge test was performed in 45 degrees C. It stopped for 10 minutes 
and charge-and-discharge conditions were made into what discharges until it is set to -0.7V to a mercury 
oxide electrode with a 200mA [ per lg of hydrogen storing metal alloys ] current, after charging for 2.5 
hours with a 200mA [ per lg of hydrogen storing metal alloys ] current. Such a charge-and-discharge 
cycle is repeated, the maximum discharge capacity and a cycle life are measured, and the result is 
written together to the following table 5. However, let a cycle life be the number of cycles at the time of 
discharge capacity falling to 70% of the maximum discharge capacity. 

[0118] Moreover, the sealing form nickel hydrogen rechargeable battery explained below using the 
hydrogen storing metal alloy powder of examples 19-38 and the examples 8-10 of a comparison was 
assembled. 

[0119] each hydrogen storing metal alloy powder 100 weight section — receiving — the 
polytetrafluoroethylene (PTFE) 1 weight section, the sodium polyacrylate 0.2 weight section, and the 
carboxymethyl-cellulose 0.2 weight section — and water 50 weight section addition was carried out, and 
it stirred, was made the shape of a paste, and applied and dried to punching nickel-plating iron sheet 
metal, and the coating plate was produced. After carrying out Shirabe thickness of this coating plate by 
the roll press, it judged and the negative electrode whose amount of hydrogen storing metal alloys is 8g 
was produced. 

[0120] Moreover, capacity produced the paste type nickel positive electrode of 1500mAh(s) with the 
well-known technique. 

[0121] It wound spirally through the nonwoven fabric made from polyolefine with which the graft 
polymerization of the acrylic acid was carried out as a separator between said negative electrodes and 
said positive electrodes, and the electrode group was produced. Nominal capacity assembled the sealing 
form cylindrical nickel hydrogen rechargeable battery of AA size by 1500mAh(s) by containing and 
obturating 2.4ml of alkali electrolytic solutions which consist of NaOH of KOH of said electrode group 
and 7 mol/L, and 0.5 mol/L, and LiOH of 0.5 mol/L in a closed-end cylindrical cup. 
[0122] About the rechargeable battery of the acquired examples 19-38 and the examples 8-10 of a 
comparison, after leaving it at a room temperature for after [ obturation ] 24 hours, the charge-and- 
discharge cycle which discharges until cell voltage is set to 0.8V with charge and a 150mA current by 
the 150mA current for 15 hours was performed 5 times. When it falls by lOmV from the maximum 
electrical potential difference at the time of charge, after pulling and continuing, charging with a 
1500mA current under a 45-degree C environment, and charging by the -deltaV method which ends 
charge, the charge-and-discharge cycle which discharges until cell voltage is set to 1.0V with a 1500mA 
current is repeated, the number of charge-and-discharge cycles until discharge capacity falls to 70% of 
initial capacity is measured, and the result is written together to the following table 5. 
[0123] 
[Table 3] 
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[0126] The hydrogen storing metal alloy of examples 19-38 with which it has the presentation expressed 
with the following general formula (3), and 70% or more of fields whose Mg concentration per unit area 
is twice [ 0.5 to ] the average exists in a cross section is understood that hydrogen absorption and an 
emission rate are high compared with the hydrogen storing metal alloy of the examples 8-10 of a 
comparison which said field is not filled to 70% so that clearly from Table 3-5. 
[0127] Moreover, compared with the rechargeable battery of the examples 8-10 of a comparison 
equipped with the negative electrode containing the hydrogen storing metal alloy which said field is not 
filled to 70%, the rechargeable battery of the examples 19-38 equipped with the negative electrode 
containing the hydrogen storing metal alloy with which it has the presentation expressed with the 
following general formula (3), and 70% or more of fields whose Mg concentration per unit area is 0.5 to 
2 twice the average exists in a cross section has a high discharge capacity, and a ******** understands a 
charge-and-discharge cycle life for it. 
[0128] 

[Effect of the Invention] As explained in full detail above, according to this invention, the surface 
smoothness of the equilibrium pressure at the time of hydrogen absorption and emission is high, and the 
hydrogen storing metal alloy with which the differential pressure at the time of hydrogen absorption and 
emission was reduced can be offered. Moreover, according to this invention, the hydrogen storing metal 
alloy hydrogen absorption and whose emission rate improved can be offered. Furthermore, according to 
this invention, it is high capacity and a long lasting rechargeable battery can be offered. Moreover, 
according to this invention, it is controlled that corrosion oxidation of the hydrogen storing metal alloy 
is carried out with the alkali electrolytic solution, and it can offer the rechargeable battery whose high- 
rate-discharge property improved. Moreover, according to this invention, it is controlled that corrosion 
oxidation of the hydrogen storing metal alloy is carried out with the alkali electrolytic solution, and 
discharge capacity and a charge-and-discharge cycle life can improve and carry out a rechargeable 
battery. 
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Mg a R3i- a -bT2bN iz-xM3x ••■(3) 

tot't, R3ttY**tri6d^ec3R36>tatr»n.*^< 

1 1 1 aa«07C«T', T2(iCa, Ti , Zr&tfHf 
*^S{ms^=5:<fctlffiac07C», M3JiCo, M 
n, Fe, Al, Ga, Zn, Sn, Cu, Si, B, 
Nb, W, Mo, V, Cr, Ta, Li, P&tfS*^ 
mXtlh'Jr%<bt>lW*07(M* H?tta, b, XS 
VZiiZtl-etlO . 2gaS0. 35, OSbSO. 
3, 0<XS2. 0, 3SZS3. 8tfraS§iX 
6. 

[0001] 
[0002] 

-^i, tK^o^si • fins, **Pi{aft^^gt, 

v%b<r>j&m,z-R'>x$&iiixxuh. b<om. & 
mmim ■ Tkmz.&m&'wm ■ mmmm^z^h 
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[00 03] tZbX\ LTti A BbS 

4. «fcHI-=»^WRAIIIBfl;*Wi, AB 5 
SJaJtfctlHBflWrt"*. Mat. Res. Bui 
1. . 11. (1976) 1241 JCtt, #±3I7lSJI£ 
AB 5 £J:9fc£*fc*tr$Mafc£ft#AB6 W£*) 

h . i fc . AIM h 5r#±«7cS tMg ^ii^ftti Lfc 
ffl|?li, J. Less-Common Metals, 
73. (1980) 339tLai-x Mgx Niz 

T**fc8tffi Ut< . * fcfflKC «k of 

[0004] #±n-Mg-N i m.m®.M%£ 

[00 0 5] LfrL&tft. C^d'Sr**©^-^ 
^t**<* 1 ), **#x<GJ6^fc LTJlvvc**£ 
[0006] 

[&8J#&f&L«fcdi:-f£i?jgJ 

[0007] ttz, . • ftttiiffi£a { l»J 

[ o o o 8 ] $ s>k. *wm. mmmm<r4 ?>v 
i». 

[ o o o" 9 ] ttz, *wm. 'xmm-k&ifiTM u 
mMmx'®±mtztiz>otf!fw\zti. &mtmmt.tf 

[0010] *%Wt. **«Wte£#7/U# VWffi 

xm-kMitztihnfiWfflzn. ws^mmimm 
oyxhh* 

[00 11] 

«W ( 1 ) T'*Six6ifflfi££*^SCt£#i$J:-f S* 
[0012] 

Mg s (Lai-bRh) i-«Ni«Co»Mh ••• ( 1 ) 
fot'L. R 1 <iY ^^t?#±S7c^*^S{mi.^ : 2:< 
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1 1 2®a<07cSf . *^«neR 1 1 iwel ao^mtc 

ttt6Ce££fi#2 0M%*)!T£>9, M1UM 
n, Fe, V, Cr, Nb. Al, Ga. Zn, Sn, 

cu. si, p&tfBa^sjfft&^^Kki ias<o 

jcSH. IR^Hta. b. X. Y&urzii-rfl-r'ilO. 1 5 

<a<0. 35. 0. 55SbS0. 95. 

1. 5, 0SZS0. 2. 2. 9<X+Y+Z<3. 5 

blXt&fcZtlZ. 

[0013] *$HBfc iftff . iEffik . Tffi-fcS 
10 ( 1 ) ?«Sft*ffl£*^***RjK^*-Sr&aft 

[00 14] 

Mg. (Lai-bRlb) i- a N ixCovMlz ••• ( 1 ) 
fcfc* I . R 1 (i Y £-§sti%i±Mjimfrt>Mtt ti&'J>% < 

t i> 2imcr>jmx\ *^HuieR 1 tmuL acetic 
n-thce^m.a i 2omM%^mx'h y ). muim 

n, Fe. V, Cr, Nb. Al, Ga. Zn. Sn, 

20 cu, si , p&xsBfrL>miftiz>'J'-%<ti>imm<7) 

7C». fiFftta. b. X. YWZiittlftlO . 15 
<a<0. 35. 0. 55SbS0. 95, 0SYS 
1. 5. OSZSO. 2. 2. 9<X+Y+Z<3. 5 

tixm.$ti&. 

[0015] *WWc iiUf, TEHR« ( 2 ) TUS 
[0016] 

Mg a R2i- a -bTlbN iz-x-vA 1xM2y ••• ( 2 ) 
30 tot'L. R2{iY^^tr#±^7c^*^Stfixl»^ : 3r< 
1 1> 1 gSOTCire-. *>oL a£*r*#5 5fi4%Jfol 
X'fo 9, Tl (iC a , T i , Z r , H f , Li, N a , 
K, Rb, Cs, SrfttfBa*»&ai;fll4iJw8r<ifc 
lfflS07C*. M2teCo. Mn, Fe, Ga, Zn, 
Sn, Cu, Si, B, Nb, W, Mo. V. Cr, T 
a, P&tfS#&mm*^<.fcfc.l«a<>57«, JR. 
^Jta. b, X, YRVZiZZtlZtlO . lSa<0. 
3. OSbSO. 3. 0. 2<X<0. 7. 0. 1 ^Y 
S3. 0. 3. 25SZS4. 5i:LT^$ixS, 
40 [0017] *%mzji1X\S , iEfiSt . Tfa-jKit 
( 2 ) T*SfiSfflifi*flrt4*3R««&ifefc*trt« 

[00 18] 

Mg«R2i- a -bT UN iz-x-y A 1 xM2y — ( 2 ) 
tztzL. R2(iY5:^tf*±a7c«*^S«fni»^< 
1 1 1 fflgcOjiMX- . A'OLa ^-^ 4*« 5 5 
TJ>0. TlliCa, Ti, Zr, Hf, Li, Na, 
50 K, Rb. Cs, SrRtfBa*»&StfilS4>$r<ii 
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1 ffl!<7)7CfJ?. M2(iCo. Mn, Fe. Ga, Zn, 
Sn, Cu, Si, B, Nb, W, Mo, V, Cr, T 
a , P&tf Sfr&atffi W$r< 1 t> 1 ISIOtcS, IS 
?Jta, b. X, Y&l/ZJi-c*l-?-'ftO. lSa<0. 
3, OSbSO. 3, 0. 2<X<0. 7, 0. 1 =£Y 
S3. 0. 3. 25SZS4. 5iLT&5E$ftl>. 
[0019] *HBBt XtM , TfaH&sS ( 3 ) ?»3 

g«S* J ¥%fi<?)0. 5~2fgT-£)&IS®a<7 0%lJlt 

[0020] 

Mg.R3i-»-bT2bN iz-xM3x -(3) 

i: t> 1 WB<05E*T. T2(iCa, Ti . Zr&tfHf 
^StfilS^<i:t>iaS«7c3B. M3<iCo. M 
n, Fe, A 1 , Ga, Zn, Sn, Cu, Si, B, 
Nb. W, Mo, V, Cr, Ta, Li, P&tfS*^ 

M\iti&'j?%<ti>immojcm. ismta. b. xr 

VZtetilZtlO . 2^aS0. 35. OSbSO. 
3, 0<XS2. 0, 3SZS3. 8tL-Cag$il 

[0021] JfUf . Iffifc . Tie-js^ 

( 3 ) X'mtlZ>®S8.Z^L. **oKiHKfi^T*(afflS 
9 WM g«flOT*&»30 . 5~2fgT'£>l>«WI 
^7 0%ULh»«-ri.**©^^5:-&Oftfiii:» 

[0022] 

Mg a R3i-a-bT2bN iz-xM3x •■• ( 3 ) 

1 1 1 a^«07C*T', T2(iCa, Ti , Zr&tfHf 

*>4>atfn*^ < 1 1> i S3a^7cs. m 3 tic o , m 

n, Fe, A 1 , Ga, Zn, Sn. Cu, Si, B, 
Nb, W, Mo, V, Cr, Ta, Li. PRX/Sfrt> 
»tf*l6^$:<fcfcl«tt97E*. JK^Jta. b. XR 
t/ZiitilZ'tLO . 2^a^0. 35. OsSbSO. 
3. 0<XS2. 0, 3SZS3. 8tlXW£Ztl 
h. 

[00233 
[0024] (§11 

tt. TffiHRrt ( 1 ) x-mtiimsLttth. 

[0025] 

Mg a ( Lai-bR lb) i-aN ixC ovM lz — (1) 

tztzL. r i «y *&ts%±mcmfrt,mimz>'j?%< 
*tt h c e 2 om&%%.ffix-h i. mium 

n, Fe, V, Cr, Nb, Al, Ga, Zn, Sn, 
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Cu, Si. PWB*^SIfil| 1 W<HliI« 
TcS. K^Jta. b. X, YRVZlittlZ'tlO. 15 
<a<0. 35, 0. 55Sb^0. 95. 0SYS 
1. 5. 0SZS0. 2, 2. 9<X + Y + Z<3. 5 

[0026] HM^JtajS^KrlBKH^^S t . 

#*U>RHU:. 0. 2^ag0. 3 ?•*>£>. 
[ 0 0 2 7 3 R 1 «, 3fflIKLb<0#iJi7cS*^etiS 
10 3ft4£i:>M!r*U*. *»*»*Rli:LTtt. flitf, 

R 1 1 LT(i, Pr. Nd, Sm&tfY*>£> 
3 WHfeUiO«±a7aR*»4>«r* tO*«JfF* L 
v\ RUi, RltLa»^||C«tWe*t 

ft#2 0fi*%*}!T*>5A\ ifcliC e fcfcifr^fc 

RliLatfO-£M£ft-f&Ce£1r;l£20 
M%J2LLfc-*-*fc. CaCusSISAaiafeirt** 

$#K£tl>£fta { &&. Ce#«li. 1 5«S%jy 

[ 0 0 2 8 3 R 1 OflFPitb SUERHK-f * £ fc t J: 

§ & . Jt.b £0.55 aster* t . ***«st 

*%L. jajOa+KtJftSMg^tfcl^iDL, fflfiSc 

#*U^«Hti, 0. 6SbS0. 8"C*4. 
[0029] *«fa*&+tCCofc**S«6 Cite 
ioT, ©^B#tcfc(t'S®ig :! rffiE^ :! Fffltt5'[*]±-fi» 
C fc *<T-# S . S^ifc Yj&« 1 . 5 £ 84. S t . 
^L<«^-TS. S^itYcoiOiHF^L^KHti. 0. 
5SYS1, 0T'J)4. 

[0030] *X«0K-^>t)(C7cXM 1 CI 

7CSM 1 1 LTJi. M n , A 1 , Si, C r&tfF e £ 
m^&<r)tf£*)ntH\ 7n^Mi<7)JI^JtY*<0. 2 

J:0»*LV^H(iO. 01SYS1. ST'J) 1 ?.^ 
»iL^RH(iO. 0 5gYSl. ox-hh. 

[0031] /s^itx . YRr/z^mm&mizM 
50 x, YRt/zco'£mmz2. 9txY\,z^ht . %&n<?> 
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UpLSt* 5 ^. /SffitX, Y&yz<7)£iHI£3. 5J21 

±.tz?zt. mmtzz&fymwmmk**). mm 

>&}\tfhh. £H"ffi?>«fcD*?4U>«Bkt 3. o<x 
+ Y+Z<3. 4T-&&. 
[ 0 0 3 2 ] 4fc, *9Mii=fli «JR 1 
(i. ^fcfc^fclTC, N, O, F^«7Ciil£&e£ll« 

[0033] z<7)*mm.it&i. mm. utcd 
( i ) ~ < 3 ) mw-t&umzxixm&tih. 

[0 0 34] ( 1 ) &7c3?£ftftU mtl£T)Uzfytf 

mz£<owmni&ztfm-fh. 

[0035] ( 2 ) &7C5S£ftMU TiVlviiX<»$. 

o ^mmmrx-mmmmmm l . 

[0036] (3) RNis^, R2 N i 7^, RN i 
sJk. RN i tJh. MgiNijR4fcttMgNixiRti«ft 

[0037] *mmh% 1 *>*3&®»&&tt, us 

+ i> L < tt3RStt»H«Tfc:t5Vvt 3 0 0"CW±. K£ 
*JS^?agTma*%$^Ti^ £ t AW4 U\ A> 

frmWmiZ* Bsffl^A B 2 ffl^C0#£4 

fg?£*s-nw-f£^ 
t^'T'^ 4fc«>. *&rk • mtsssmn^mm ■ m 

u^aaii. 7 5 cc-i 0 5 o'c-e&s. mzftt v 

Offifflti, 8 0 0~10 0 0'CT»&. 4fc, ftB&£ 

A\ B^fcLTO. l~5 0 0l*|8L #4L<(iO. 5 
~100^ra, 84>K#4L<J41~20«BI* { lkV^ 
[0038] (*2 ) - 

tk-hr* ( 2 ) -cas******* *. 

[0039] 

Mg a R2i-«-bT lbN iz-x-vA 1iM2y — (2) 
fcfc'U R2teY£M?#±«^*^a(£ft.?>^&< 
1 1 1 SW^aBT, *»oL a£«# 5 5Sfi%*iS 
T'J) 1 ), TlliCa, Ti, Zr, Hf , Li, Na, 
K, Rb, Cs, Sr&lXBaa^Stfftl^-^fci 
iaa<7)7CS. M2JiCo. Mn, Fe, Ga, Zn, 
Sn, Cu, Si, B, Nb.W, Mo, V, Cr, T 

a , pwsfre>Miftih'j?%< k t 1 mm^TLm. m 
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^ita. b, X. YAVZltttlftlO. l£a<0. 

3. OSbSO. 3. 0. 2<X<0. 7, 0. 1 SY 
S3. 0. 3. 25SZS4. 5kLXWfcZtl6. 
[0040] M g^K* Jta jMHffiRHfc*|.;h.6 k . * 

4£*§&»®§:I£#U 1M ?/M*ttfcWufcza: 

UtfEHfct. 0. 15^aS0. 28T'&I>. 
[0041] R2 2: LTJi, *S©K-&&mfii<7)ffi3.* 
10 Mfc*sMW-*fc, La, Ce, Pr, Nd&t/Y*^ 

aur#i*^*< t i> 1 ■«7BR£ffiflw*£ t *t»4 1 

£&JB**.ri:rt<J:9#4U\ 
[ 0 0 4 2 ] A 1 OM^JtX Sr ATiS Lfcfcfflfc: LfcBMc 

*WW«r9. 1«jai«>A 1 Sr^tfdfctOSftm^fl^n 
La*«li. 5 0«4%WTfc-ri.^i:* { 
J:0#4LK La*tii«l. OSfi%J:0t, 

1. 0M*%t-r4^t* { »4Lv\ 
[ 0 0 4 3 ] R 2te. Cem^ 0ftl%*}l ( 0 
T'fe&Ci:*W4 Lv\ A 1 OJI^JtX 
Srff^L-tefflfcL^ISgtC e^*i*>'2 0ftt%$:«S 
AB 8 S^«gS:^-rSffi^<=Srl»Six** 

• m&&&k-dtmmmm 
30 [0044] ^mM^zmMimt^^zmii^ 

* J t'^l>. Tl fc LTti, Ti, Zr, Li, Sr, B 
aZmuZ>Zktfft£L\,\ 4fc. Ti<7)H^itb*< 
0 . 3 Sr^t S t , mmUgtfJMztirF-t&ii.»>* 

4. Jg J FJtb<7)J:0»4Lv^ffl{i. 0. 05Sbg 

0. 2-e*s. 

[ 0 0 4 5 ] a 1 coiMTttxmiffimz ftti& k , * 
40 *flo^a*xi8ft • »aja«M^(c r/p^ y 

iz%Z>. JI^JtX<Oj:0»4Lv>®Hlis 0. 25SX 
SO. 6TJ)S. 

[0046] **"RK^t7C«M 2 S:**S*&i t 

W9)\^zfflm£&.mhzktfx'%h. z\<di 

50 J: 0 ^Art KflU L^*X^^^cXffUK^<0«W 
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til. M2t LTti. Co, Mn. Fe, Ga, Cu. 
Si. Cr*m^lZtWft£U\ 7tmM2c?>®?it 

i. m+itYox'omi^mmiio. ossysi. 

OT^O. X(Cff*U>RHfiO. l^Y^O. 8-C'Jfe 

a. 

[0047] JtZ#mrfeieB£*tfl& , 

BJi. 3. 3SZ<4. Ot*i. 
[00481 4/1. *WMMm2<r>*mXfe& 

u.^mitixc, n, o. F9«07aR*«ptt*a» 

[ 0 0 4 9 ] i ma Lfc* 1 

[0050] *?6Wc«S8 2 K£ 
+fc L <tt*Stt»HSlTKt$vvt 3 0 0'CiiUL 1 2 

o ovm<r>i&&z-mmj)m2tix^&z ttmt i 

±.-t h z t ttmz. -<x«fi!L^sf*jfcin#tta 
fmaxtf 1 2 o ox*«*. h t , *ao±«jWHWL 

I). |RffiattEaJ:9tf&UiRHi. 4 0 0-C-10 

oo-c-c**. S3i^sMfi#ra(i. jfeffiaatt 

KiOSSW-iitfvCtt****, @£fcL-C5~l00 
0B*Pb1 s #4L<(il 0~8 0 0i$fg. J^CjfSU 
Ji5 0~6 0 0B#ISI#*&V\ 
[0051] (SS3<0*3B8Bte£) ^^m3cO*S© 

fcOW&MgiM&aO. 5-2*6ffcfflS^*fW** t 7 
[00 52] 

Mg a R3i- a -bT2bN iz-xM3x -(3) 

fcrtfU R3WY^^#±«7C«*^StmS^< 

fc <> 1 W$(VkMX\ T2iiCa, Ti , Zr&tfHf 

*»^a»<i*^«s:<fct imm<r>7tm. M3teco, m 

n, Fe, A 1 , Ga, Zn, Sn, Cu, Si, B, 
Nb, W, Mo. V, Cr, Ta, Li, PMfSfrb 

mttih'y%< t h i aswsc*. smta ,b,xs 

tfZtt-HvftlO. 2^a^0. 35. OSb^O. 
3. 0<Xg2. 0, 3SZ^3. 8tlXmfeZiX 
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1 0 

[0053] M g^S^Jtaj^eJSfflSr^itS k - * 

UtfSHWU 0. 2 5SasgO. 3 2T'&&. 

[ 0 0 5 4 ] R3 1 LTti. *Xi8ft&£ft&a{B;:3* 

Mfc£#irfl>fc. La, Ce, Pr, NdSl/Y^f, 

mi£ixi'M%< t himcoTmzmii-hzttfm i 

10 £i$ffl-f6.Ifc#Ur>$?4LV\ mS'yva^^ 
t LTl±, Ce^'yfWm, La#'J»f 

[0055] R3li. Ce^tM2 0M*%*)1 ( 0 

MMXZGts) x-biztmtl^. ce-tr*»* { 2 

[0056] 7EST2$r^W$^l>C:i;(Cj:-5T. *X 
£* L < it h Z t & < *X 

s ■ aajKff a ^Ao8«Bfl;*wfWf * i t « . 

T2<0JS^-Jtb*<0. 3imtlt.imLtzi.oWi 
JR. o4 0 . *3R»aj»tt»K#ej:tflR»ftWfliW*< 
* < «r 0 . ZJXWS^JWSM^fltT-t * . Hi 1 

b£7)±K8ffi{i. 0. 2 U*. 
[ 0 0 5 7 ] tK*iS^-^^7C*M 3 £-£6 i t 

dC^cJWK-ftfflWfefiWtf^i^i, 7BRM3K 
J: 0^rtfc^Ufc**^^^M«i«^40«» 

ill.. 7t*M3i:LT(i:. Co, Mn, Fe. Al. G 
a. Cu, Si. Cr, L iZft^hZ bff^ 9»4 L 
7t«M3<0JS^JtX*«2. 0«rtti*i:l Zi5^?fi 

0. OlSX^l. 5-C'S) 1 ). 38t»*Lv^tt0. 
40 05^Xgl. 0T'*>l>. 

[0058] JDiffltZ#Hufa$EB£*f-it£ . Tk^flSK 

mm&zti)<®mfc%&. ifitz^j: o»* uv^e 

Hti;. 3. 2gZ^3. 7t'*>l>. 
[0059] ^RflOE^^^eK -f yrf-y h 

meras^o^MgffiSfi. «^^^ari-5>f 

•f- (EPMA) K<fc9fS$5 0~177m:'Z&VH6 
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*9OMg^#¥£jiIO0. 5-2. 0<gT*I.S« 
#BfBi(c«»t*M gaiKO»*t^«UT*ffi1iffllSfc 

ooMgigjgt^iit^itiKL. mfflawafcooM 

g58S*^ffl^O. 5-2. Ott-C&*ffittft£fl£ 

[0060] *aHURM^)KIB(C«lV>T . HMffifflHiS 
tz Oom giBK*>*4Maffi«ifc "9 gitS^o o . 
5~2«fc«a-r*fWW t 7 0XJ:9il«8r<<r*i:, M 

fc. «B»«48 5XeLh**ii:aWff*L<. &i># 

mmm%tz*)cD¥mg®m<7)0. 7-1. sets 

i-f S 8 5 KfcLhft * t «0-C* 5 . 
[ 0 0 6 1 ] 4fc. *%8£ti6$30;!lcS!i&E&& 

^o#£*ii#* 1 mm%&.TThhz t mt u>. 
[0062] fra ufc» 1 o^m 

[0063] *»Wtfli4S53^*««a^fett, as 
+ 1 L < ti^vSttSH^T fc fc v vc 7 5 0 mh, 1K£ 

fr&mfmizX l ?-&&#<9AB 5 ffl^AB2ffla£c7)#£« 

SffiS-fiit^-CS, Mg £fc*«-c 
J&WI&ftaJ: 9 #4 U>ffiB(i. 8 0 0'C 

~i i oo°cx'$>&. tin. mm^m&mmmii. mt 

l-~5 0 0B$ia. #4L<(iO. 5~100B$fSL Sfc 

[0064] 3 v>*m.wfe&v>mt 

1 1. m.mm-m%* t l < liTSttaraiwrHc 

fcwt 2 0-C/m i nttTOjMt«ft»*tf a ^ t tfff 
Z(D£o%m$£froZt(,z£iXMgm&.<?) 
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1 2 

14. 9 5 0*CT'3 0#fS&$U:f£. l'C/m i ncOSI 
St'8 0 0 < C4T-#^L, 8 0 0'CT'3 0#ia&ftl. 

[0065] ot, *%.mz&h-<mm<n-mx'$>i 
■ *mz.&m®) sr@ i **mixmtti . 

[ 0 0 6 6 ] 0 1 fcjjrT «k o lzG&m#<r>%& 1 rtfc 
10 fi. IES2i:-lr^V-^3i:ftS4i:5raJlLTX^ 

3*iTH6. fflEJt«4(i. fiHES«gi!¥5?>fiJ«E 
BSiiri!ffifP881i:««Wt»ttLT^6. T;^>; 

wm.\t. mLm&iwzmzixx^i,. +*t?L6 
& ri^h i <o»p«i 7 « . ms«3s i ^±ot 

□SKcEiB$*rO*S . 'J y*T&0«Stt#*4r y b 8 

ii. mmnmm®tmmmi<n±.&mmw 
nmtwmzti. mi±.&mn®znmizffim&/ii' 
^tunzx onresst 1 tmiBS p«7 Srfrie^x^- y 

«* f WE3E*2fc:S». fl!flS3WRrlE«P«70Taft:« 

immzxi MisitP«7t(iinaiEsa^ i 

0TH4tl^SIBIrttffiefL6 ^^<'i a CES£iiT 
^6. +*t^^6«e»WH36>fe=Sr6P l 3JgWffi« 
1 2(4, ttGjERUKF 1 0±(c«r82iEa*B?l OO^g 

Uifizmm 1 20Btne?t*><o^aj$^6 i 3 tua 

$*it^6. tmi-3.-7l 3(i, WKifi«l 2tf)« 
LT^6. 

[0067] ifcfc. frieiESi2 . tH4 . -fe^V-r? 3 

tiXVTM owmiz^xwm-i, 

[0068] 1 ) IM2 

[0069] mri£IE®2(4. 0Utt\ SIWCfti^K 
-ft:- -y ^;M»*tUW*m*asaP L . tS»>l« J: V*4: 

40 mzmmix^-x v mm i . mfia^-x h sr^mtt 

ix6. 

[0070] «rie*K^>y^/H»*«, 
^s;tmu\ d^ip^yKK-fb-'y^^S- 
Oj^^S-l 1 L < [6j±1-6 i i: *>'T'# 6 . 

so [0071] mimmmt vxa. mi^^^m 
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>v. mmzmf&zttfx'zz. 

[0072] fln£tt**JJ: LXit. mz-H1])VX* i/* 
f-iV-tiVa-z. *1-iV*.iVu-x. X>)77>)iV&1- 
HJ^. XVThy7)V*nx.+\sy. 
il-a-jl ( P V A ) &Wf& Z b tfX'Z h . 

[0073] mmmm.b ixu. mta-y * 
>v. xy-yuxitzii- yyivx •y*tfwztitz&mfr 

IV b WM&MX&Wfh Z b h . 
[0 0 74] 2) ftH4 

»S^< t t> 1 «a*)£A<3»***tf . 
[0075] *X«W4&a«KKi. **StiSffl^+T 

m±. 10~~5 0uml,zt&Zti)Wtl>.\ 

[oo76j mmnmi. mm. &r<v ( i > . 

( 2 ) fc!iffl**#afc:J:-sTft*3*i.S. 
[0077] ( 1 ) S»Lfc*JR!!HEa£<0»*fc8« 

[0078] (2)vm uc*.mm,s&mmzmm 
mmai. mmtmzmmtx^mmmi. ma 

[0079] luieSWJfc LTtt, iffijEff 

(2) <7)m;X'fimZim?$>im£. #V7-h?7** 
oxfl/y (PTFE) ^t«F4Lk». 
[0080] HulE^««t Lftt, flitf , A-fty? 

[0081] MIESimttfflRi: L"C(i, Mlli. Ayf 

«£JR»tg& if «=»5EWR*»ff 4 ZbtfiX'th. 
[ 0 0 8 2 ] 3 ) Ws-9 3 
d«-bAV-^3(i, mUfXVTnVuyypWffi. i- 

jay^m. xvravuyimbi-jnyimzm 

9b UMT'jjS. 
[0083) 4) TiViiVmsm 

z<r)7>v*vmsmbLx\±. mux. y> 

A (NaOH) <7)*i8?0L TKK-fbUf-^A (L iOH) 
<0*»S. (KOH) NaO 

HtL i OU<nm&fa. KOHtL i OHO&£?BL K 
O H b L i O H b N a O H<7)igl^g*£Jf!<, d t *<T' 



8) ^2 0 0 0-2 652 2 9 

1 4 

[0084] J2UJOTJ Ufc*«Wfcffift* 1 <r)K%W& 

wau: ( i )5sm*ft£«ijR£*rtsfc 

[0085] *^£ffi££2a*Sfig^&(i, 
10 LA: ( 2 ) S-CfS3*i4»£*$r-***:*>. D* 

sikx • m&mmzfo±.-t& z t & . 

SK) TIM UsBraJWMMLtt* 
ojOfc^4?;i/JMrfc|td:**£i0«T*4. 
[0 0 86] 4^Cflt83«>*aMHteftli. fj^ 
Lfc (3) 5$T85*i*fflj££WU j&oBrBHCJfetti 

jgJgOO. 5~2fifc«S't4«*6 t 7 0XJa±t > ft4 
20 fcrt. • ScUIjSS^^SRiRK • ifc!ti#tt£& 

m-thzbtfx'th. ma&z-ktsikmffii 

•fkZbtfX'Zh. #$ra<0ftUBii9IS>frT*v*io 
[0087] ttchh. ffi&LIz ( 3 ) &X-mtlh& 

m?>m< l z>j?%<bhcacu<,mcD%ii' B m\ 

HMgCujSOtSftffljW^LTV^. dc^ioCC 
30 a C u5^ B a B ffi^M g C u 2S^ B B B ffi*%tm.cO(i. 

g « b t h it t #** ffi* { fi B B B R^c J: 0 
htzihX'hhb^thtlh. CaCusM^faffltCJiM 

g* ^ {3t^t-#^x•^^-f /*^M g c uaS^BifflJiaw 

[0088] *^BH# ^(ittBBfSS^Wa^lUilv M g 

bi^muz. Mmzti^xmrnm^tc*) 

40 ®tf 7 0 St. Mg S V ^» . Z<X 

fclfilWt^atrtHWt, «^St«^£ (MB) , 

[0089] *s»H8^)j: o mwiz&^xmmm% 
tz*)coMg m&tfz ticyfimn o . 5~2fgKffl3t 

50 l,|SlS$r7 0%tJLh^l»;tCJ:oT. Mgflftff£>h 
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[0090] *ftwcffi&m~~*3o*s«tg 

m (mcoftm ■ mm. &n$m ■ mm. 
*)iz-<wm. *mmm ■ mm. *mmm 
m. mzmntttzmm, ^mtrnza^mm. 
m.±v*r-m vximtzti. zuzit*.m®.mnr 
Mm <m u ^mcnm&z t o m t mi 

S . i cOcfc a fc*»^**8»&$iifle*££ 1 jus 

[ 0 0 9 1 1 £fc . lffi* LfcEl 1 TttjESi ftSolSfc 
SrtfcWfiU:* 1 , *3H*OZ««ilWii«)J:a'SrflBi 

izmzzti&K mm. w&kAmk<mtzw\s- 
#n%&mzmixfim-<xm&izi,mmzmmx'Z 

[0092] 

[MM] ot. *mz>mmz®®zmixm 

\zWftth. 

[0093] (f*ifcm~13feJ:tfit«m~5)T* 



(9) &HS2 00 0-2 6 5229 
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*mtitz7fiZti&mLk%i>to£Z7imi:ff&i. r 

tz. -o-i^x. &&&4>3>yht l zTJi'3>mmTX' 
9 6ox:x'i2#fs<7)fm®zmLt:. 

Mmlil2li%«La, 60M%OCe, 1 Oftt 

[0094] %t>tuz7iimmfe&zmL. «v 

frff^tCJOfiSa^OjumlilL 15 0^mOT 

10 [0095] »t>tlkmm 1 ~ 1 3ftlflt«H 1 ~ 5 
0*3R«K^9*t-3V^» S/-^kyjfe|Cji 9 7 0 

•a i o%E&ffito*mETx-Kfi-m&m±%M%. 

L. (H/M)=0. 8TW*Sftai^7k«ES:Pi 
M? ( H/M ) = 0 . 2TW>**»ai«*<3**HI* Pt 
bt. Pt/Pi£*ajU *«08*S:TK* 1 fcttE* 
*. £tz. (H/M) =0. 8-c<o^wa«w)*«E 

S-Pao.b, (H/M) =0. 2T'0**«#?)*iS?E 
5:P*o.2, (H/M) =0. SX'<?)*1k1fc\mcr>imK. 
i Pdo. 8&tf ( H/M ) = 0 . 2 ?*>**ttH»tf>*JB 
20 E5rPDo.2t ts t^fyx^t LTJt ( (Pao.2/P 
do. 2) / (Poo.b/Pdo.s) } £*fBU *OlS**T 
ISlCffStS. 
[0096] 









c-fi 


p, /p 2 


tAf'i 


SttffM 


(LaO. 33 Ce 0.07Pro. 08^0.52)0. 78*90.2Z Ni 2.8 Co 0.3 A, 0.03* r, 0. 1 


7 


4.8 


1.25 


mm* 


( Lao . 40 Ce 0 . 05 Pr 0 . 1 B Nd 0 . 37> 0 . 75* 90 . 25 N » 3 . 0 Mn 0 . 1 *0 . 05 


5 


5.2 


1.32 




(Lao . 25 p ro ,35Ndo .40^0 . 73 B 80. 27N i2 .7 F eo . 3 


0 


4.6 


1. 18 


Hfcfc4 


(Lao. 20 Ce 0.O5 pr 0.t8 N£, 0.57>0. 77*90. 23 Ni 3.2Cro.|Al 0 .03 


5 


5. 7 


0. 96 




(L^O. 25 Ce 0.05 Pr 0.18 Md 0.42 5n 0.25>0. 25*90. 75 NI 2 .9 v 0.01 Ga O .02 


5 


4.5 


0.91 




( Lao . 1 0 Ce 0 . 02 Pr 0 . 38 Nd 0 . 37 Y 0 . 1 3> 0 . 27 u 90 . 73 M ' 2 . 9 A 1 0 . 02 c "0 .05 


2 


4.4 


0.85 


$Jfift7 


( LaO . 22 Ce 0 . 08 Pr 0 . 7> 0 . 70*90 . 30* ' 3 . 1 Sn 0 . 03 


8 


4.5 


0. 95 




(Lao. 10^.05^0.15^0.70)0. 69*90. 31 Ni 3.0SiO. 18 


5 


4.9 


1.15 




(La O .35Ce0.O4 p ''0.11^0.4OSn0.10)0.65 B 90.35 Ni 3.0 p 0.05 


4 


4.5 


1.72 


$&ttio 


(Lao. i8 C8 0.02 Pr 0.2l N do.49 SB 0. 10>0. 75*90. 25 Wj 2.7Co0.2C«0.1 


2 


4.7 


0.83 




(Lao . 1 5 Ce 0 . 04 p ^0 . 3 1 Nd 0 . 5o) 0 . 77*90 ; 23 N • 2 9 V 0 . 04 Mb 0 . 03 


4 


4.9 


0. 98 


£tt«12 


( L»0 . 06 pr 0 .44 Nd 0 . 38 Sn 0 .12^0. 75*90 . 25 H 1 2 . 9 Zn 0 . 02 Sn 0 .06 


0 


4.6 


1. 12 


£16ftl3 


(Lao jo Ce 0.08 Pr 0.32 Nd 0.40 Sa O. 10^0. 69*90. 31 NI 3.1 Si 0.01 Nb 0. 03 


8 


5. 1 


1. 16 


Itfcttl 


(Lao.62 Ce O,08 Pr 0.20 Md O. 10)0.88*90. 12 Ni 3.1 A, 0. 15 


8 


4.8 


2.79 




(Lao.32 Ce 0.4a Pr 0.20)o.72*ao.28 Ni 3.0* n 0.5 


4 8 


10.6 


2.84 


Jttt«3 


(Lao. 2B Ce 0.08 Pr 0. 34^0. 10 Sb 0.20>0. 65*90. SSN^.SVO.OSN^O. 03 


8 


10. 1 


2. 25 


tt««4 


( Lao . 90*»0 . 1 0>0 . 78*80 . 22 M 1 3 . 1 £^25 


6 0 


5.9 


2. 45 




(Lao. 25*"0 . 75>0 . 74*90 . 26 M ' 3 . 1 Co O . 35 


e 0 


5.4 


3. 15 



[00 9 7] tilfrt>mfr%Xolz, IBfiLfc (1) 
Mi. JtttWl-5«)*«««^ACit^TPt/Pi*» 

MZ. it { (PA0.2/PD0.2) / (Pao.s/Pdc.8) } * 



ZbtfbfrZ. 

[0 098] ($mmi4-18Rl/imM6^7)T 

50 t\sivwmTxi&®wmmzxi!&4 y^vv m 
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9 5 o^t 1 2&f ffinmmifoLfz. %.2*?<r> 

Lm(l) li9 7fift%<7)La. 0. 0 3tt*%OC 
e. 0. 0 7M%<7)Pr&tf2M%ONda>£>& 
9. Lm (2) Ji4 7aS%£7)La, 2»Ce, 
1 3aa%S0PrRy38fifi%<7)NdA^^S. 
[0099] »fcftfc**iSRa£figa< 1 0 0 ju mjy 

[0100] <XWC. 9Htfl 1 4-1 8&tfttS&0!6~ 
7 <0**«K&Afcov vf , II 2 (cijc*-ffl*X*ir 

[0101] H2ti. *3Ri»»^<^PffiCfflir^*i* 

WmX'foh. **iK^3 1li. i£<i3 2£iILri« 
flgS3 3fcjWSS*rCO&. SrtBE«3 2«, fc+T- 
fl-HSSix. *^«ffl*3 4fliMWiJl2tf:'7 , 3 5fc 
jBSSflTO*. E2ltt3 6<i. WEft-iSE* 3 4 ^ 
$ feJC4H»S#lfciIWM > 3 4 ajcRWtMtO**. 
ffllE*** f'O 1 fctt£K&8»3 3OB<0ief 3 2 

»»fcii. iirfe*>"<.3 iM*6ffi . $2w^3 

7i . 3 7 2 jWHK$*iTO*. ^E33l3 8{i. DIE 
Ml. *20)*iVfili , 3 7 2 [§<?)mrlSiE^3 2^ 
$NciI»$*irn*. SEKS.-Kvr3 5tt, 
73 73 **l,T1ffi!4HME*3 4a(zm£*l < CVi 
4. t-*3 9tt. tfraKfl«B3 3fcft8$*lTO 
*. J»«*f4 0tt. Wfafi«S»3 3rtK#A5iiTV^ 

?4 2tt» WEJR«»4 0*Jj:W»IBt-^3 9fc:«aiK 

-?3 9<3MI«£fT3J:3fc*oTO*. ME3> 

3 6t$J:lfffliEiaK3yhn-54 2tS«S*iTV^ 
4. 

[0102] mmm 1 4~ 1 8&tfifc«H6~7o** 

««^*»** 19T» L £0 2 3 3 ( gaBftS 

Kl 5t) AlORMUf. »lA;pr3 7i *BJt, » 
2. SI3tfOA';^3 72 . 3 7s £SR* , XS^yT3 
5^^»LTBfiieEf3 2fcJ:t*tfWg3 4&t/ r gffi 
S»3 8rtW2g«*SWlLfc. MEH2, *39i*W7 
3 72 . 3 73 fcffltfcft. I1^3 7i *Htvt 



(10) ^2000-265229 

1 8 

*S!tfy<3 l*»4>**ttt»LTI9IEi»3 2tJj:^ 
^©ffi-ff 3 4 mmWM^ 3 8 rt $r*fHE8l Lfc . o-3 
Of. §SlA;U737i fcfllfc. ^^B#^r'ff^H-36 

3 3rtfcflHftU iBK*SR«*4 0-C ; E-^-Lfc. % 

fc . ; aptness 3 3 rtoE^^bS-ffi^tt 3 6 1 
10 «to«?ajtr-eix*u3-^4 3nE»Lfe. 

[ 0 1 0 3 ] fcwe. 1iHEtttt8»3 3rtfc-JS*tf>* 

aw>»A*iiil*LTa»fc i was* 

(H/M) $rMa^!3 3[*|c7)ffi 

7k3?i»@3Ig (H/M • h->) b LXTmk2\,z*.-f. 
[0 104] $4>fc. H»J14~18&tftt!R0«6~ 

[ o i o 5 ] t-r . #^»*tmfi^5f?$-«ftjtr' 

20 1 : 2««te'C»*U C03l^«clg*l Oton/ 
cm'09EEft?5MUniE'?6£fc(CJ: DBS* 1 1 0m 

wj-mzzx-s hmmtizkizxwm (jus) 
[0106] fcfcfifcmsfc, -eii-fixW€ir-S)SM^ 
izttizixmmi. 3 0'cizt5^xmmM,m'tii 

fc. *3MBK^4 1 gSfcO 1 0 0mA 

30 *>«8tC5«HBa«U:», 1 oaiWfciLU 

1 g i a o i o o m A*>isrciMbfc««Kc*f l 

r-0. 7Vfc&|>arl^£fi : 9i>?H;:U: <> semg 

M**-e<ofit=arS4r*i<o*ft«ir^ 9>v^tm 

U C^«W)lWCgF**C.«ikLfc. fcwe. 

air-4 sr:(cr liHRBLfe. c ma ,co 1 2 

0%5ESgrfi : o?ta. .3C.nWILfcBW)»«S!*C3c 
5:S!I^L. C a4 «(C^tr§C3c«Oit (Csc/C.ai) 

[0 107] 
40 [«2] 
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19 20 





wfix 


/u/m • h -h 

\rviri n J 


^ 3CX ^ max^ 


£IS01 14 


b ^.20^< 2 >o.bo*»2.9A1o.3H.i c °o.6 


1. o 


0. 92 


SJfiffl 15 


*Bo.l5L»(2)o.75Z r 0.05^^2.7*'o.4 B "O.I5 c 00.5Cro.05< : "0.| 


1. 1 


0. 95 


16 


«%.10M2) O .89»-l0.O1 N l2.9A^.5 Jln 0.1 CD 0.5 , kj.03Sno.02*oo < 0l f> O.0t sl 0 05 


O. 9 


O. 90 




«fl0.20L"(Z)o.77Sro.03*»2.4*'OM^.25^.5%).OlBo.01 T ao.03 


1. 0 


0. 9 1 


SfcffllS 


U8 0 .z 2 LiiCZ)o.72Tfo.06 RI 2.3 Ar 0.35 B ^.3Coo.6 p 0.01 s "0.02ino.Ol6ao 01 


1 \ 


0. 9 3 


Jt»flP|6 




O. 5 


O. 75 




l| BQ.I5L«0)o.75 Zr 0.05 f,i 2.8A'0.l 1 ''>0.15<^0.$Cro.05Cuo 05 


o. e 


0. 7 8 



[oi 0 8] mfrt>m&%zoiz; iR&itz (2) 
jsxmtihm^-t&rnimi 4- 1 8o*.mm 

[0109] ttz. mftUz ( 2 ) 5Jresjs*is«jfc£ 
8*>z<hew4. A 1 ma^&v ^«j&o*f&fi^£&£ 

**igV>.I 20 
[0 110] (IOfcMl9~38ftVlb«ffl8-10) 
TfESl 3 fc*3 *l 4 ffljfc i: * J: .3 lc#7U#£ff ft L . 

• fflfcLT^A-T >* vh*%tz. o^Hvt, r 

ttTJStfSIfclfcLfc. *3^Lm ( 1 ) (498 
mS%<r>La, 0. 0 2fi4%OCe, 0. 0 8*1% 
*>PratflSft%*>Ndi>Mr»K Lm(2){448 
fiM%<0La, 4S4%<9Ce. 13M;%OPr&tf 

3 5fiM%?)Nd Mm(43 814%c7)La, 30 

4 7. 3M4%(7)Ce. 5. 5ftt%<7)Pr. 9fi»% 
WdMO. 2ttt%<7)Smrt>£>&S. 

[0111] %t>tU&Qm 1 9-3 8&tfJtM8- 

mfiasasfcfxoMgawM^TiMwo. 5-2. ofg 
"c*4«**&8i5£U **>tt*£*4fc»iw*. i 

^•muT-tvJif- (EPMA) {CJ:0^2 0 

/fcffvv #ttffi«*M>Mg;5r?yMft (Mgjftg) £ 
»£U Mg^»»HW«cBrlB(Ci6ft*Iii«**«» 
fc. *WB**H4K5rf. H40flm<i*ffiS 

mx%&. zomAizKZti&Mgtt'jyhgLCDmnm 

*ffliiffllSfc l )« J F^Mg*'>yhatt3 1 
st-awc. awe. #fiianw5icsaiio*«>yh»k 



[0112] HJ60IJ2 9o*x»jK£6fi« ffiE»«*> 

*#9 9K?a»). ir£Lfc03«)RaraHRa>S>g!& 
*>*«k 0 (CM g*MWr LT v^fflJhWJ i: A 

[0 1 13]&iv£\ mmi 9-3 8&tfit!f£0!|8- 
I 0 1 1 4 ] JfcWC, 19-3 8&tf Jt«S0<J8- 

r 1 ox:t*j»t**«flaBiK ( h/m • h-> > sag 

[0 115] $£>(c. K3tWl9-3 8ftVifcttff|8- 
1 0<0*£i8m£Mr*£-£tfS«i£A«ii: LTHifc 

Lfc. 

[0 1 1 6 ] i-f . #£4«*i:«IIJH»*£fi*ttT 
1 : 3^1^X11^1, lg^lOton/ 
c m* OEiJjT 5 ^flnEt &Zb(Z&*) tt&# 1 0 m 

[0117] Mtv/znmi* ztiztmwchhma 
>y ^/n^t 1 1 tc8aje<o*iwb» u «>A*js« 

£-£*mi?£«U 4 5-CfcfcV^T3/aS«ISgi2:ffo 
fc. 5tS!cm^fr(i. lgSfc 0200mA 

WHSJ-C2. 5^ia««Lfca. iowiL.*i 

l g 3fc 0 2 0 0 m A<y)«fiT'KftyK^«ffi(c 
ytLT-0. 7 VlZ%$>tXim£?T 0 hVHZ Uz. Z 

7 0%4TfiTLfclR<W>f ^;MRt-t*. 

[ o 1 1 8 ] ttz. mmm 1 9-3 s&i«fc«W8~ 1 

[0119] **3gig®^M]* 1 0 OM&UlzttLX 
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XOThyy/l>*axj-\s> (PTFE) IMS?, * 

iv&vu-xo. 2jMa&tf*5ofiaaaaiDU « 

[0 12 0] ifc. AafflBSKJ:")****! 5 0 0mA 
h o^-^ but- •/ ^;HEffi £f£S8 Lfc . 
[0121] BfflBft^fcflfejEffitOSt-fe^W-^t 
0Jl>mtf?y7 bm&ZtdZ}HV*]s7 ■< >® 



mtimWftt 7mo 1/LiOKOH. 0. 5mol/L 
ONaOH&tfO. 5mo 1 /LcOL i OH*»4>=5r5T 
'J tfitift 2.4ml «RStt»8rt KJRIft I . 
ffPl-SikfciO&SsSPJI**! 50 0mAhT\ AA* 
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22 

[0122] fcfcftfcSSItW 1 9-3 8&tfltKW8~ 
1 OtfOfcmfl&tco^T, ltDtt2 4i$fflSil'CttlL 
/eft, 1 5 0mAO«8ST'l 5B*IBl3fttL 15 0mAc7) 
mgilt^mE* { 0 . 8 Vlsfir* t TflflW 6 

4 9)Vi5Wrrr>tz<. UZ^Z, 4 5°CcommTX'l 

5 0 OmAcomffi-tftmU jfcHB^ftA^jEA^ 1 0 
m V{ST L fc # fc3Wt**7-f & - A VffitCTftBfc 

10 ffofcft, 150 0mA««arCWI!S«E**l. ovc 

[0 1 23] 
[83] 







CcS (££%) 




L*0.71«g0. 29^2. 9C00. 3^0.07 


0 




Lao . 5Pro . 22MQ0 . 28N 1 3 . 02Coq . Z5Cro . 02A 1 0 . 03 


0 




Lao . 48*W0 . 22^80 . 3N i 2 . 9C00 , 2Cu0 . 05»no .07 


0 


m«i22 


l»( Oo . 68^90 . 32N i 2 . 83Cuo . 1 Cro .05A 1 0 .03«bQ .01 


0. 02 




LB>C2;o.78U90.22Hi3.09Coo.5Feo.05So.OI 


4 




Lao.52 Ce 0.05SBO.t5«90.28f'2.8»n0.05Coo.45Cro.022no.01 


5 




Lm(Wo.7Y0.03«30.27Nl3.0|Co0.25AI0.08Wno.03Sno.02 


O. 02 


mm® 26 


U(i)0.3L>(2)o.36>»g0.34Mi2.54Co0.53l*no.lltoo.oiAlo.05PO.OI 


O. 02 




Ln(2)o.74Mgo.26Hi3.05Coo.33MnO.I*O.OlBo.01 


4 




Ln( 1 )a . 4Ln ( 2) 0 . 1 8H110 . 1 6 VgO . 26f i 3 . 0C00 . 4Uno . 08^0 . 02S i 0 . 02 


0.0 2 




U(2)o.72Wro.28Ni2.67Coo.5*no.lAio.04 


4 


3SH£«30 


Lm(Uo.3Ln(2)o.35lifl0.3Cao.05Ni2.7lCoo.35AI0.04Tao.02UiO.OI 


O. 02 




Ln(2)o.74Mg0.252ro.OlNi3.1lCoo.3Cuo.05Cro.05Alj0.02 


4 




Ln(2)o. 71 Hs0.28HfO.OtNl3.jCro.lllno.05AIO. 02^0.01 


4 


£&«33 


Lin(2)o.7|Kg0.28Zro.OlNi2.7lCo0.4llno.05AI0.05 


4 i 


£ftfl34 


Ln(2)0.74»80.24Ti0.02N«3.18Coo.33Sio.05Nbo.02AI0.02 i 
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